
I I I . WATER POLLUTION CONTROL REGULATION CASE STUDY

This case study illustrates a methodology for conducting and a means of
report ing on the economic analysis port ion of a Regulatory impact Analysis
(RIA)  for  a  hypothet ica l  water  po l lu t ion cont ro l  s tandard.  The s tudy is
intended to be illustrative and thus serve as a guidance document for the
carry ing out  o f  s imi lar  ( though actua l )  s tud ies o f  regu la tory  impacts .
The repor t  is  s imi lar  in  format  to  the preceding A i r  Po l lu t ion Cont ro l
Regulation Case Study; moreover, as with the f i rst case study, the data
used in  th is  analys is  are mere ly  i l lus t ra t ive. To reduce the complexity of
this hypothetical case study, Pol lutants X, Y and Z are assumed to exist at
harmful levels in but two regions; however, the aggregation problems often 
encountered in  determin ing nat iona l  leve l  benef i ts  and costs  are
i l l u s t r a ted  f o r  t hese  reg ions . "Adding up"  the to ta l  benef i ts  and costs  o f  
these two regions is analogous to adding up regional-level. benefits and
costs  to  es t imate  nat iona l  to ta ls . These reg ions re f lec t  the reg ional ly
d i f fer ing major  concerns re levant  to  prepar ing an RIA (e .g . ,  po l lu tant
l eve l s ,  popu la t i on , and industry characterizations).

As wi th  the f i rs t  case s tudy, this analysis assumes that a discussion of
the need for  the regula tory  act ion and the re levant  s ta tu tory  author i ty
have been presented elsewhere (an abbreviated "Background" section is
inc luded) . The format and depth of analyses of the elements of the RIA are
o n l y  i l l u s t r a t i v e --the Agency is not as yet committed to any specif ic
format, and the depth of analysis must clearly be tai lored to the problem
at hand.

The case study is organized into seven major sect ions. The f irst,  the Net
Benefits Evaluation and Impact Summary, summarizes the findings and
outlines the types of analyses necessary to complete an RIA. The second
section, Background, out l ines in format ion per t inent  to  the two reg ions 
examined. The remaining f ive sect ions--Social Benefi ts, Social Costs,
Economic Impacts, Net Benefi ts Timestreams and Sensit ivi ty Analysis, and
Cost Effect iveness--present the analyses used in this case study and
i l lustrate the procedures which are necessary for complet ing an RIA.

A. Net Benefits Evaluation and Impact Summary

Tables 25 through 30 summarize the information contained in the RIA's
Executive Summary. Though results are provided for only one of the
regu la to ry  a l t e rna t i ves , in actual case studies such development would be
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needed for each alternative that is among the least-cost set of
a l ternat ives as determined f rom appropr ia te  cost -e f fec t iveness ana lys is  
(see Section G). For the alternative shown, Tables 25-30 present
information for each of the three major analyses--benefi ts, costs, and
economic impacts --and show the alternative's quanti tat ive and
nonquant i ta t ive  e f fec ts .  Monetized impacts cover a twenty-year planning
period (beginning in 1982), and al l  values are expressed in 1982 dol lars.

Table 25, Part A, shows the present values for the quanti f ied net social
benefi ts of the proposed Industry Q water pol lut ion control regulat ion
us ing a l ternate  d iscount  ra tes .  For example, the present value of the
to ta l  soc ia l  benef i ts  minus the to ta l  soc ia l  costs  over  the 20-year  per iod
of analysis is $88.6 mil l ion at the 10 percent discount rate. For lower
discount rates, e.g.,  6 and 8 percent, the present values of the net social
benef i ts  are  h igher , and for higher discount rates, e.g.,  12 percent, the
present values are lower. (The present value of the net social benefi ts
would be zero at a discount rate of approximately 17 percent for this case 
s tudy. )  Other  sens i t iv i ty  ana lys is  resu l ts  vary ing benef i ts  and cost
values are shown in Section F.

Table 25, Part B, summarizes the unquantified benefits and costs associated
with the proposed regulat ion. I t  appears  that  the unquant i f ied benef i ts
wil l  exceed the unquanti f ied costs based upon qual i tat ive judgments.
Furthermore, an estimated 13 cancer deaths (a quantifiable but
nonmonetizable impact) wi l l  be avoided with the regulat ion--a further
benefi t  excluded from the present value calculat ions. Had costs exceeded
benef i ts  in  the present  va lue ca lcu la t ions, then the excess cost per death
avoided would be a measure that would be reported--of course, if data
permits health impacts to be stated in probabi l ist ic terms, this should be
done :

Annual, undiscounted benefits and costs are presented in Table 26 to show
benefi t  accrual and cost expenditures over the 20-year planning period.
Net social benefi ts ( the dif ferences between benefi ts and costs) were
calculated on an annual basis and, as shown, they are negative from Year 1
through Year 3. Beyond this period, net  soc ia l  benef i ts  are  pos i t ive  and
increase to $44.8 mil l ion in the 20th year.

Table 27 summarizes the social benefits of the proposed regulation by
benef i t  type.  The monetizable benefits are shown by year over the planning
per iod, inc lud ing ranges in  the benef i t  va lues,  to  re f lec t  uncer ta in t ies
regarding avai lable data and the implementable analyt ic procedures for
es t imat ing spec i f ic  types o f  benef i ts .  The f ive major types of benefi ts
shown inc lude heal th ,  recreat ion,  aesthet ic -ex is tence,  d ivers ionary  use,
and ecological benefi ts. The aesthetic-existence and instream recreational
benef i ts  are  the h ighest :  the former ranges from $19.8 mil l ion in the
f i r s t  yea r  o f  t he  p lann ing  pe r i od  t o  $72 .7  m i l l i on  i n  t he  l as t ;  t he  l a t t e r
ranges f rom $5.6 mi l l ion in  the f i rs t  year  to  $30.2 mi l l ion in  the las t .
The quanti f iable health and ecological benefi ts are the lowest, and in the
t w e n t i e t h  y e a r reach h ighs of  on ly  $ .132 and $1.2 mi l l ion,  respect ive ly .
Table 27 also presents the major quanti f iable/nonmonetizable health
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Table 25. Net social benefi ts from the proposed Industry Q water 
po l lu t ion cont ro l  regu la t ion us ing a l ternate  d iscount  ra tes

Part A. Quanti f ied Benefi ts and Costs

6%

Present value 1/ using
a l t e r n a t e  d i s c o u n t  r a t e s

10%8 % 12%

- - - - - - - - - - - - - m i l l i o n s  o f  d o l l a r s - - - - - - - - - - - -

Soc ia l  Benef i ts 958.7 802.2 679.8 583.1

Social Costs 775.6 672.8 591.2 525.6

Net Social Benefi ts 2/ 183.1 129.4 88.6 57.5

Part B. Unquantified Benefits and Costs

The unquanti f ied benefi ts include:

reduced pain and suffering
reduced threat of i l lness and death
decreased levels of l iver and kidney disfunction

The unquanti f ied costs include:

negative secondary employment effects in communities with plant
closures
pos i t ive  employment  e f fec ts  in  the const ruc t ion indust ry  ( to
ins ta l l  the equipment)  and in  Indust ry  Q i tse l f  ( to  operate  and
mainta in  po l lu t ion cont ro l  equ ipment) .

1 / Present values of costs and benefi ts over a 20-year planning period in
1982 constant dol lars.

2 / Approximately 13 premature deaths would be avoided with the proposed
regulation during the 20-year planning period.
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Table 26. Undiscounted to ta l  soc ia l  benef i ts ,  to ta l  soc ia l  costs  and net  soc ia l  benef i ts  fo r
the proposed Industry Q water pol lut ion control regulation by year

Year
Tota l  soc ia l  benef i ts  1 /

Estimate Range
Tota l  soc ia l  cos ts  2 /

Estimate Range
Net  soc ia l  benef i ts  3 /

Estimate Range

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - m i l l i o n s  o f  d o l l a r s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

( 54 .8 ) - (56 .5 )
( 4 5 . 4 )
( 3 6 . 1 )
2 2 . 3

1 1982 26.2 18.5- 32.1 80.9
2 1983 51.5 87.8-106.1

7 3 . 3 - 8 8 . 6 (54.7)
37.1- 65.3 96.9

4 /

3 1984 77.7 56.9- 98.8
(50 .7 ) - (40 .8 )  

113.8 102.9-124.6
4 1985 78.6 57.4- 99.9 56.3 51.0- 61.6

(46.0) - (25.8)
6.4 38.3-

5 1986 79.4 58.1-101.0 56.2 50.9- 60.5 23.2 7.2 - 40.5

58.0 52.5- 63.5 39.4 17.7 - 57.410 1991 95.4 70.2-120.9

15 1996 100.6 74.0-127.8 61.8 55.9- 67.7 38.8 18.1 - 60.1

20 2001 106.5 78.3-134.8 61.7 55.8- 67.6  4 4 . 8 22.5 - 67.2

1/
2 /

In 1982 constant dol lars (using a forecast of the GNP Implici t  Price Deflator).
In 1982 constant dol lars.

3 / Tota l  soc ia l  benef i ts  minus to ta l  soc ia l  cos ts .
4 / Numbers in parenthesis are negative.
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Table 27. Summary of total social benefits for the proposed Industry Q water pollution control regulation by year

Part A. Quantifiable/Monetizable Benefits 1/

Benefit types
Health Instream recreational Aesthetic/Existence

Year Estimate Range Estimate
Diversionary use

Range Estimate Range Estimate
Ecological Total benefits 2/

Range Estimate Range Estimate Range

10 1991 .044 .039-.048 27.1 19.8-34.5 65.3 47.9-82.7 2.1 1.9 -2.3 .9 .6-1.3 95.4 70.2-120.9

15 1996 .078 .070-.086 28.3 20.8-36.4 60.9 50.5-87.2 2.2 1.9  -2 .5  1.1 .7-1.6 100.6 74.0-177.8 

20 2001 .132 .119-.146 30.2 22.0-38.4 72.7 53.4-92.0 2.3 2 .1  -2 .6  1.2 .7-1.6 106.5 78.3-134.8

Part B. Quantifiable/Nonmonetitable Benefits

During the twenty-year planning period,
alternative.

an estimated 13 cancer incidents (and by definition deaths) will be avoided due to the proposed regulatory

Part C. Nonquantifiable Benefits

1. Reduced pain and suffering
2 . Reduced threat of illness and death
3. Decreased levels of liver and kidney disfunction

In 1982 constant dollars (using the GNP Implicit Price Deflator) to allow direct comparison with costs. Additionally, the beginning of the
examined planning period is 1982 and present values were calculated for that year.

The sum of the individual costs may not equal the total costs due to rounding errors.

1 /

2/



benef i ts  (Par t  B)  and a l is t ing o f  nonquant i f iab le  benef i ts  (Par t  C) .
These latter benefi ts are part icularly important when the present value of
net  soc ia l  benef i ts  is  re la t ive ly  minor  or  negat ive. The quant i f iab le /
nonmonetizable benefi ts include the avoidance of 13 cancer incidents. Non-
quanti f iable benefi ts include reduced pain and suffering, reduced threat of
i l lness and death, and decreased levels of l iver and kidney disfunction.

Table 28 summarizes total social costs by type of cost, including private
sector real resource costs, deadweight welfare loss, government regulatory 
costs, and adjustment costs. Private sector real resource costs are the
highest and range from a low of $55.0 mil l ion in the fourth year to a high
of  $112.2 mi l l ion in  the th i rd  year . Adjustment costs are next highest
with a high of $0.7 mil l ion in the third year and a low (excluding year
one) of $0.5 mil l ion in the 20th year. Government administrative costs
range f rom about  $ .7  mi l l ion in  the th i rd  year  to  $ .1  mi l l ion in  the 20th.
Deadweight welfare costs remain at approximately $0.1 mil l ion per year.

The preceding benefi ts and costs ref lect the major eff ic iency-related
impacts of the proposed regulat ion. Equity-related impacts are also of 
concern in an RIA. Table 29 summarizes the major economic impacts that are.
pro jec ted to  resu l t  f rom the regu la t ion wi th  the impl ic i t  focus on equ i ty
issues. S ix  categor ies  o f  e f fec ts  inc luded in  the tab le  are  the fo l lowing:
f inancial,  pr ice, production, employment, community, and "other" effects.
In some cases, the economic impacts associated with a proposed regulation
may result in modifying implementation strategies or developing
transit ional programs to compensate for major inequit ies caused by
regula t ions.

Table 29 indicates that al l  four model plant sizes in Industry Q wil l  have
decreased returns on sales and returns on total assets. However, an
est imated 1.2 percent, market-adjusted price increase wil l  mit igate much of
the f inanc ia l  e f fec ts  except  for  the ext ra-smal l  model  p lants .  A .96
percent decrease in industry-wide output is also projected with the
proposed water pol lut ion controls. Approx imate ly  two- th i rds  o f  th is
product ion decrease wi l l  resu l t  f rom four  ex t ra-smal l  p lants  that  are
expected to close rather than comply with the proposed regulation.
Approximately 160 jobs wil l  be lost because of plant closures, affect ing
three communit ies--one small  community wi l l  be substantial ly impacted,
including secondary employment effects. Other effects are as indicated.

Table 30 summarizes this study's cost-effect iveness (C/E) analysis results,
which are presented in more detai l  in the concluding sect ion of this case
study repor t . Once a level of control is specif ied, C/E analysis is an
analy t ica l  technique for  compar ing regula tory  a l ternat ives. I ts  use in  the
early stages of a RIA wil l  aid in reducing the number of alternatives which
wi l l  requ i re  fur ther  ana lys is  in  a  benef i t -cost  f ramework. As shown in
Par t  A,  ten regula tory  a l ternat ives, A to  J ,  are  dep ic ted wi th  the i r
corresponding annualized costs and effects (tons of Pollutants X, Y and Z
aba ted ) .
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Table 28. Summary of undiscounted total social costs for the proposed Industry Q water pollution control regulation by year 
(1982 dollars) 

Part A. Quantifiable/Monetizable Costs 

------_-- ___-_- ---. __ 
I 

Year 

Private sector 
real resource 

Estimate Range 
Deadweight welfare 

Estimate Range 
Government 

Estimate 
Adjustment Total costs I/ 

Range Etstimate Range Estimate Range 

.6 

-~- 

-----““----““--“-““-----------“-----”””--”-------“---“--“-”l, million of d o 11 ars--------------------------------------------.-------------. 

1 1982 80.5 72.8-88.1 .0 .0-.1 .4 .4-.4 0 0 80.9 73.3- 88.6 
2 

1983 
96.3 87.2-105.4 1-.1 

.7 
1904 

112.2 101.6-122.9 1-.2 
.5-.6 0 96.9 87.8-106.1 

3 .7-:7 . 113.8 102.9-174.6 
4 1985 55.0 43.0-60.3 .l .1-.2 .5 .5-.5 .6 .6 -.7 56.3 51.0- 61.6 
5 1986 55.0 49.8-60.3 .l .1-.2 .5 .5-.5 .5 .5 -,6 56.2 50.9- 60.5 

6 1987 55.0 49.8- 60.3 1 .l-.2 .5-.5 .5 -.6 
7 

56.2 
1988 55.0 49.8- 

50.9- 
60.3 .1 .1-,2 

.5 60.5 
.4-.5 :: .5 -.6 56.1 

8 1989 55.0 
5O.H- 61.4 

49.8- 60.3 .1 .1-.2 .4 .4-.5 
.5 

.5 -.6 56.1 
9 1990 

50.8- 
55.0 

61.4 
49.8- 60.3 .1-,2 .3 .3-.3 .5 -.6 

10 
56.0 

1991 57.1 
50.7- 

51.6- 64.5 
61.3 

.I .1-.2 .3 .3-.3 .5 .5 -.6 58.0 52.5- 61.5 

.4 

12 
13 

15 

16 
17 
18 
19 
20 

1992 59.0 53.2- 64.6 1 .l-.2 .4 .4-.4 .5 -.6 60.1 54.2- 
1993 60.9 

65.8 
55.2- 66.7 :1 .l-.2 .3 .3-.3 1: .5 -.6 61.9 56.0- 

1994 60.9 

67.8 

55.2- 66.7 :'1 .l-.2 .3 1 
.5- .6 61.9 60.9 56.0- 1995 67.8 

( 55.2- 66.7 .l-.2 .2 :?S 
1996 60.9 55.2- 66.7 .l .I-.2 .2 .2::2 

:i: .5 -.6 61.8 55.9- 67.1 
.5 .4- .5 61.8 55.9- 61.7 

1997 60.9 55.2- 66.7 
1998 60.9 55.2- 66.7 :; 

.l-.2 
:;::; :: 

.3-.3 

.2-.3 :: 2: 2 
61.9 56.0- 67.1 

56.0- 67.7 
1999 60.9 55.2- 

/61.8 
66.7 .l .2 .2-.3 .5 .4- :5 GI .8 '56.0- 67.1 

2000 60.9 55.2- GG.7 .I l-.2 
:1-.2 

.1 .l-.l .5 .4- .5 61.7 5!).9- 67.6 
200 1 60.9 55.2- 66.7 .l .l .l-.l .5 .4 -.5 61.1 55.8- 6/.fl 

--_L_-________ -___-- ___. -  

Part II. Nonquant i f i ah1 c Cos 1,s 

a Positive enlployment,effects (compensating benefits): in the construction industry, 
itself, to operate and maintain the equipment each year. 

to install the required equipmellt, and in Industry () 

0 Community effects in one small, rural community will cause substantial long-term costs in secondary markets. 
- 

l-/ The sumI of the individual costs allay not equal the total costs due to rounding errors. 

-- - 



Table 29.  Summary of  economic impacts f rom the proposed water  pol lu t ion
c o n t r o l  r e g u l a t i o n  i n  I n d u s t r y  Q  

A. F inanc ia l  E f fec ts

Average reduct ions in  re turns on sa les (ROS) wi th  pol lu t ion contro ls  (no cost  passthrough)  are 3.0%,
1-5%, 1.3%, and 1.3% for the extra-smal l ,  smal l ,  medium and large model  p lants
reduct ions (wi th  predic ted passthrough are:

r e s p e c t i v e l y ;  R C S
2.4%, .9%, .8%, and .7%, respectively.

Returns on total assets (ROTA) are reduced with pollution controls from 9.1% for the extra-small
model  p lant  to 4.3% for  the large model  p lant .
Annual  cash f lows remain posi t ive wi th water  pol lu t ion contro ls  for  a l l
the 20-year p lanning per iod.

four model plants throughout

Net  present  va lues (NPV) are posi t ive at  the cost  of  capi ta l  d iscount  rate for  a l l  p lants under the
base l i ne  (w i t hou t  po l l u t i on  con t ro l s )  cond i t i ons ; however, the extra-small model plant's 20-year NPV
is  nega t i ve  w i t h  po l l u t i on  con t ro l s . One- th i rd  of  the industry 's  p lants  represented by th is  model
p l a n t  a r e  p r o j e c t e d  t o  c l o s e  ( t o t a l  o f  f o u r  p l a n t s

B. Price Effects

The pr ice increases required by each of  the model  p lants to mainta in thei r  basel ine prof i tabi l i ty
l eve l s  a f t e r  po l l u t i on  con t ro l  cos t s  a re  bo rne  a re  t he  f o l l ow ing : ext ra-smal l ,  4 .04;  smal l ,  2 .1%;
medium 1.9%; and large, 1.8%.
An  i ndus t r y - l eve l  p r i ce increase of  1 .2% is  pro jected fo l lowing marker  equi l ibr ium adjustments.
A sensi t iv i ty  analys is  of  pol lu t ion contro l  costs shows that  only  the extra-smal l  model  p lant  would"
be af fected measurably by re lat ively smal l  changes (?lO  percent)  in t he  po l l u t i on  con t ro l  i nves tmen t
and annual operating costs.

C. Product ion  Ef fec ts

A 0.96% reduct ion in  Industry  Q's  aggregate product ion is  forecast  fo l lowing the imposi t ion of
po l l u t i on  con t r o l s .
Four of  twelve extra-smal l  p lants are pro jected to c lose,  account ing for  approximately two-th i rds of
the shor t - term reduced industry  output . The balance of  the reduced industry-wide product ion wi l l  be
dist r ibuted among the remain ing p lants-- theoret ica l ly  in  proport ion to changes in the var ious-s ized
model  p lants '  marginal  cost  curves.

D. Employment Effects

Even with the projected price passthrough, a loss of  160 jobs is  forecast  in  Indust ry  Q as a resu l t
of  the c losure of  the four  extra-smal l  p lants (based on an average of  40 employees per p lant) .  No
layof fs are projected in the remaining plants even though tota l product ion wi l l  decrease marginal ly .
Positive employment effects are also expected: (1) 550 work years of shor t - term const ruct ion
industry employment  wi l l  be requi red to insta l l  the pol lu t ion contro ls ,  and (2)  263 long- term
employees wi l l  be required to operate and maintain the added pol lut ion contro ls each year ( th is
w i l l over time, be the largest source of positive employment effects).
Secondary employment ef fects  are pro jected which inc lude the loss of  f ive jobs resul t ing f rom a
local raw material supplier plant closing and the loss of  20 jobs in  serv ice-re la ted bus inesses in
Region 2, Community B, an area which is  pro jected to real ize two p lant  c los ings.

E. Community Effects

Three speci f ic  communi t ies wi l l  be af fected by the pro jected p lant  c los ings.  
T ie communi ty  ef fects range f rom being re lat ive ly  minor  ( in  a large, urban community where most
ef fects are shor t - term and a l ternat ive employment opportunities are
( in one smal l ,

avai lable) to being extensive
rura l  communi ty  where substant ia l  long- term ef fects are forecast  and approximately

o n e - f o u r t h  o f the employees must relocate to f ind al ternat ive employment) .

I n te rna t i ona l t rade ef fects  wi l l  be minor .
Energy requirements will increase by about 5% in indust ry  Q,  but  th is  represents  less than 0.1% of
the tota l  energy used in the study regions.
No negat ive product iv i ty  ef fects are pro jected.
I n t e rgene ra t i ona l  e f f ec t s inc lude long-term heal th damages that  wi l l  be mi t igated wi th the proposed
regu la t i on .

91



Figure 7.

Table 30. Cost-effectiveness analysis summary results
for  the proposed water  pol lut ion contro l  regulatory
a l t e rna t i ve  ve rsus  o the r  a l t e rna t i ves ,  i ndus t r y  Q

Part A. A. Cost-ef fect iveness va lues

Regulatory
a l t e r n a t i v e

Basel ine
A
B
C
D
E
F
G
H
I
J

cost  1 /

( $  m i l l i o n )

23.0
30.0
20.0
80.0
50.0
68.0
96.0
79.0

141.0
128.0
180.0

Po l l u t i on
abated 2 /

1,000 tons)

242
255
263
265
270
273
280
285
285
287
295

C/E
value 3 /

( $ / t o n )

95
118

76
302
185
249
343
277
495
446
610

Comment 4/

Status without proposed regu la t i on
I n f e r i o r  t o  B
In  least -cost  C/E set
Inferior to D, E and G
In least -cost  C/E set
In  least -cost  C/E set
I n f e r i o r  t o  G
in least -cost  C/E set
I n f e r i o r  t o  I
In  least -cost  C/E set
In  least -cost  C/E set

Part B. Graphic  d isp lay of  C/E analys is

1 / Annual ized tota l  cost  of  abatement (pol lutant  removal)  for  each speci f ied regulatory a l ternat ive.

2 / To ta l  t ons  o f  po l l u t an t  aba ted  (e f f ec t )  f o r  each  spec i f i ed  regu la to r y  a l t e rna t i ve .

3 / Cost  d iv ided by tons of  ef f luent  abated. Note that other C/E measures should also be defined (such as
the incremental  cost  above basel ine and the incremental  ef f luent  abated above basel ine) which wi l l  more
c lose l y  r ep resen t  t he  ( t heo re t i ca l l y  p re fe r red )  ma rg ina l  cos t  e f f ec t i veness  f o r  each  a l t e rna t i ve .

4 / An infer ior  a l ternat ive is  nei ther  less cost ly  nor  more ef fect ive than the indicated (or  dominant)
a l t e r n a t i v e ( s ) .
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Four of the 10 alternative regulat ions were shown to be " inferior" to one
or more of the remaining "dominant" alternatives using only cost-
e f fec t iveness ana lys is . The set of dominant al ternat ives form the least
cost envelope curve as depicted in Table 30, Part B. Benefi t-cost
analyses are required for each of these alternatives to determine which
leve l  o f  e f fec t iveness wi l l  p rov ide the greatest  net  soc ia l  benef i t .  Such
a comparison (using hypothetical results) is shown in Section G.

The remainder  o f  th is  repor t  re f lec ts  a  benef i t -cost  ana lys is  o f  a  s ing le
regu la to ry  a l t e rna t i ve :  i n  pa r t i cu la r , Alternative G, as defined in Table
30. Simi lar  benef i t -cost  ana lyses are  app l icab le  for  a l l  cost -e f fec t ive
alternat ives that form the so-cal led least cost envelope curve as
i l lus t ra ted in  Table  30,  Par t  B. However ,  fo r  i l lus t ra t ive  purposes,  i t
was deemed necessary to summarize only the benefit-cost analysis for one
( the  p re fe r red )  regu la to ry  a l t e rna t i ve .
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B. Background

The present study assumes that recent scient i f ic evidence indicates that
current eff luent standards for certain pol lutants produced by Industry Q
may not be adequate to safeguard the natural environment exposed to these
pol lutants and to maintain the health and welfare of human populat ions.
Consequently, fur ther  regula t ion o f  th is  indust ry  is  be ing examined,
necessitat ing the analyses outl ined in this case study.

To reduce the complexity of the case study, Industry Q is assumed to be
located in only two regions (hereafter referred to as Regions 1 and 2).
The streams and r ivers in these regions receive eff luents from Industry Q,
containing Pol lutants X, Y and Z at levels in excess of that required under
the a l ternate BAT leve ls  cur rent ly  be ing examined for  th is  indust ry .
Though this case study focuses upon a relat ively str ingent set of these
levels, the‘methods outl ined can be used for most al ternatives.

Region 1, primari ly a large metropol i tan area, contains 2,500,000 people, 
and i ts affected areas outside the urban area have, addit ional ly,
approximately 500,000 people. Industry Q establ ishments are primari ly
located in the region's metropol i tan area and on the r iver which f lows
through i ts  center . The indust ry 's  pr imary in f luence on the r iver  is
assumed to extend for approximately sixty miles, and Industry Q is but one
of  severa l  indust r ies  which po l lu te  the r iver . Located along the affected
segment  are  such recreat ion fac i l i t ies  as  severa l  c i ty  parks ,  recreat ion
areas, community marinas and boat club docks. Severa l  indust r ies  cur rent ly
take process water  f rom th is  por t ion o f  the r iver .  Most  o f  the water  for
the municipal water system is taken upstream from the metropolitan area,
and several Industry Q establ ishments are located along this port ion of the
r i ve r  as  we l l .

Region 2 consists of three smaller ci t ies--A, B, and C--of fewer than
60,000 persons each. Industry Q, their major source of employment, has
located i ts  f i rms near  the r iver  wh ich passes through these c i t ies .  The
reg ion 's  ch ie f  source o f  water  po l lu t ion,  Indust ry  Q,  a f fec ts  the r iver  for
approximately 100 miles. This r iver is a major source of area recreation
and prov ides the dr ink ing water  for  a l l  th ree c i t ies .

C. Social Benefi ts

The major concerns which the analyst must address prior to performing a
benefi ts analysis were outl ined in the preceding air regulat ion case study
(see Section II .C.);  thus, they need not be repeated here.

The benefi ts associated with a water pol lut ion regulat ion may be divided
in to  the fo l lowing f ive  major  e f fec ts : hea l t h ,  r ec rea t i on ,  aes the t i c s -
ex is tence, d ivers ionary  use,  and eco log ica l .  I t  i s  impor tant  that  these
categor ies  be carefu l ly  def ined to  avo id  over lap,  par t icu lar ly  so for
recreat ion s ince th is  e f fec t  may inc lude recreat iona l ,  aesthet ic  and
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ecological benefits as well.
the

Consequently, when assessing this category,
analyst must separate out aesthetic and ecological benefi ts. 1/

present case study ut i l izes the above f ive category division; however,
recreat iona l  category  inc ludes on ly  ins t ream act iv i t ies  such as f ish ing
boating. Act iv i t ies  such as h ik ing,  p icn ic ing,  jogg ing,  and camping
included in the aesthetic category. A l l  f i ve  categor ies  are out l ined

in  deta i l  in  Table  31.

The
the
and
are

This  sect ion on benef i ts  is  fu r ther  subd iv ided in to  s ix  subsect ions.  The
f i rs t  f i ve  each dea l  w i th  one o f  the f ive  categor ies  o f  benef i ts  out l ined
above. The last sect ion examines benefi t  aggregation.

1. Health Effects

The previous air regulat ion case study outl ined in detai l  the types of
information necessary to estimate health benefits; however, because water
is  not  as  ub iqu i tous as a i r , the exposure pathway is perhaps of more
concern for  a  water  po l lu t ion cont ro l  regu la t ion than one for  a i r  po l lu t ion.
con t ro l . Three primary exposure pathways exist for a water
po l lu tant - -dr ink ing water ,  swimming, and eating seafood from polluted
waters. Ideally, dose-response curves should be developed for each
pathway, but, real ist ical ly, the health effects consequent to swimming in
polluted water and to eating contaminated seafood cannot usually be
quanti f ied because such dose-response information is insuff ic ient.  2/

This case study assumes that only Pollutant Z affects human health and that
this pollutant does not accumulate in organisms eaten as food. Though the
potential exists for human exposure through swimming, the data are
unavai lable to al low an assessment; thus, this health effect wi l l  remain
unquant i f ied for  th is  case s tudy.

Pol lutant Z, a substance associated with kidney and l iver disfunction, is
most importantly, a known carcinogen, caus ing pr imar i ly  ur inary  t ract
cancer. Currently, enough information is avai lable for the Cancer
Assessment Group, through the use of their model ( in Federal Register
November 28, 1980), to est imate a l i fe-t ime cancer r isk 70 years due to
the presence o f  th is  po l lu tant  a t  d i f fe rent  leve ls  o f  concent ra t ion in
dr ink ing water . The present study assumes that this information is

1/ When measurement methods and available data prevent easy
categor izat ion by benef i t  category, the analyst may employ a weighted
appor t ionment  to  d is t r ibute  the per t inent  benef i ts .

2 / A confounding factor in assessing the exposure threat from swimming is
that once a swimming area is known to be contaminated, swimmers are
l e s s  a p t  t o  v i s i t  i t . Under such a condit ion, an exposure rate study 
b e c o m e s  q u e s t i o n a b l e .
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Table 31. Types of effects and benefits resulting from reduction in water pollution

Major  ef fect  categor ies Types of effects Resul t ing benef i ts

I . Health

I I . Recreat ion ( inst ream)

I I I . Aesthet ic /ex is tence

IV. Diversionary uses 1.

V. Ecologica l  2 /

a . Reduced mortality

b. Reduced morbidity

a.
b.
C.

Decreased v is ib le pol lut ion
Decreased odor
Increased spor t  f ish
populat ions

a .
b.

Decreased v is ib le pol lut ion
Decreased odor

a.

b .

Reduced concentration of
po l l u tan t s  i n  i n take  wa te r
for municipal and commercial
users
Increased water avai lable for
i r r i g a t i o n

a.

b.

Decreased damage to commercial
species and crops 3/
Decreased damage to natural
systems

1. Increased length of  l i fe  and
reduced probabi l i ty  of  death
2.

1 .
2 .
3.
4 .

1.

2.

1.

2.

3.

2.

1.

2 .

Reduced pain and suffering

Reduced medical expenses
Reduced pain and suffering
Reduced work loss days
Increased product iv i ty  1/

Increased enjoyment of
swimming, boating and fishing
Increased number of areas avail-
able for swimming, boating and
f i s h i n g

Increased enjoyment of being
near water body
Increased sat is fact ion f rom
knowing water in area is  c lean
(exis tence)
Increased sat is fact ion f rom
knowing water in area wi l l  be
clean when used in the future
(opt ion)

Reduced treatment costs
Decreased costs  o f  agr icu l tura l
production

Increased revenues for fishermen
and farmers
Increased existence,  opt ion and
preservat ion benef i ts

1/ Measured as "decreased work days of decreased employee lassitude."

2 / Note that  a  p o r t i o n  o f  t h i s  ( i . e . , increased spor t  f ish populat ions)  is  inc luded under  recreat ion.

3 / Because of  decreased pol lu t ion in  i r r igat ion waters.
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avai lable in the Criter ia Document for Pol lutant Z and that, in accordance
with EPA guidance, this information will be used to estimate the number of
cancer deaths and the concomitant
which will be avoided if the reguatory alternative examined goes into
e f f e c t .

medical expenses and foregone earnings

Wh i l e  o the r  phys i ca l  e f f ec t s  ( e .g . ,  l i ve r and kidney disfunction) are also
assoc ia ted wi th  th is  po l lu tant ,  data  are cur rent ly  too sketchy to  a l low
estimation of dose-response curves. Most appropriate epidemiology studies
for this pollutant have been confined to the work place, where the dosage
rate is much higher than that usual ly encountered in drinking water. This
is also true of laboratory studies designed to examine this aspect of
po l l u t an t  Z ' s  hea l t h  e f f ec t s . Thus, these possible health benefi ts wi l l
also remain unquanti f ied for this case study.

The remainder of this sect ion on health effects wi l l  focus on est imation of
benefi ts due to the avoidance of cancer incidence result ing from reduced

concent ra t ion o f ,  Po l lu tant  Z  in  dr ink ing water .

To assess the excess l i fet ime r isk from cancer which residents in the
af fec ted reg ion face f rom Pol lu tant  Z ,  the concent ra t ion o f  th is  po l lu tant
in the drinking water must be f irst establ ished. The amount Industry Q
contr ibutes to this concentrat ion must then be determined as wel l  as the
ef fec t  the proposed regu la tory  opt ion wi l l  have on th is  cont r ibut ion. This
case study assumes the following:

Many systems do not currently remove Pollutant Z, since only
recently has i ts l ink with cancer been establ ished and processes
necessary to remove it are expensive.

Industry Q is the only source of Pollutant Z in both Region 1 and
Region 2.

Though Region 1 takes its water upstream from the metropolitan
area, several Industry Q plants are located upstream. Drinking
water samples indicate a concentrat ion of Pol lutant Z such that
the Cancer Assessment Group estimates the excess lifetime cancer

risk for persons drinking the water at 10 -5 3 / . Current ly ,  2 .9
million persons are served by this water system. Other residents
(100,000) in the counties near the river segment are assumed to
obtain their water from wells or other municipal systems which
wi l l  be unaf fected by the regula t ion.

3 / This estimate as well as those for Region 2 may seem somewhat large.
High est imates were used for i l lustrat ive purposes, such that when
converted to an annual basis, the est imated number of deaths per year
would not be very small  fract ions.
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In Region 2, C i t y  A ,  wh i ch  i s  t he  f a r t hes t  ups t ream,  cu r ren t l y
has no detectab le  leve ls  o f  Po l lu tant  Z  in  i ts  dr ink ing water
since all Industry Q plants are downstream. Pol lu tant  Z  is
detectable in City B's water at levels equivalent to an excess

l i fet ime cancer r isk of approximately 10 -4
.  C i t y  C ,  wh i ch  i s  t he

farthest downstream, has the highest concentrat ion in i ts
drinking water and an excess l i fet ime cancer r isk level of

1 .5 x  10-4.

After the proposed regulat ion goes into effect,  the concentrat ion
of Pol lutant Z is expected to be below detect ion l imits and the
risk level is assumed to be close to zero in both regions.

Since EPA guidance suggests that benefi ts for the entire planning period,be
stated a lso in  year ly  leve ls , the l i fet ime excess cancer r isk should be
t rans la ted in to  a  year ly  excess cancer  r isk .  Th is  can be accompl ished by
f ind ing the roots  (X)  o f  the fo l lowing 70th order  po lynomia l :  

7o ’ j-1
0  =  -L70 ii& li ( l - x ) x (24)

where

L70 =
excess l i fet ime (70 year) cancer r isk as determined in the
cri ter ia document at the carcinogen's average concentrat ion
leve l  in  the dr ink ing water .

li = f rac t ion o f  popula t ion surv iv ing to  age i

X = annual excess cancer risk due to carcinogen in question

i = subscript denoting age

Since x is a probability, only real roots between 0 and 1 need be
considered. Addit ional ly, x must be less than L70. For the present case

study, the roots for equation 24 were solved numerical ly through the use of
a computer program. The result ing est imates of x were as fol lows:

Region 1 1.579940 x 1o-7

Region 2, City B 1.580023 X 1O-6

Region 2, City C 2.370096 X 1O-6

Table 32 shows the estimated number of cancer incidents per year for the
planning period by region. S ince cancer  is  usual ly  fa ta l ,  th is  s tudy
assumes that these cancer incident estimates represent the number of deaths
avoided during the planning period.
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Tab le  32 . C a n c e r  i n c i d e n t s  a v o i d e d  d u e  t o  t h e  p r o p o s e d  w a t e r  p o l l u t i o n
c o n t r o l  r e g u l a t i o n  b y  y e a r  1 /

Year Region 1 Region 2
Total

Est imate Range 2/

1
1983
1982

2
3 1984
4 1985
5 1986

6 1987 .48 .18 .66 .51- .81
7 1988 .49 .18 .67 .51- .81
8 1989 .49 .18 .67 .51- .81
9 1990 .50  .18 .68 .51- .81

10 1991 .50 .18 .68 .51 - . 81

11
12
13
14
15

1992
1993
1994
1995
1996

16 1997
17 1998
18
19

 1999
2000

 20 2001
T o t a l  f o r  P l a n n i n g
Period

.15 .05 .20 .16- .24

.31 .11 .42 .33- .51

.47 .16 .63 .50- .76

.47 .17 .64 .51- .77

.48 .17 .65 .51- .79

.51 .19 .70 .52- .82

.51 .19 .70 .53- .83

.52 .20 .72 .53- .83

.52 .20 .72 .58- .90

.53 .21 .74 .58- .90

.53 .21 .74 .58- .90

.54 .21 .75 .58- .90

.54 .22 .76 .58- .92

.55 .22 .77 .58- .92

.55 .23 .78 .59- .93

9.6 3.6 13.2 10.2-16.0

In constant 1980 dol lars.

To reduce the complex i ty -o f  the tab le , the ranges for most entr ies are
not shown. These can be easi ly calculated for each value, however,
since a percent variat ion around the point est imate was assumed for
each  bene f i t  t ype  ( i . e . , 20% and 25% for Regions 1 and 2,
respec t i ve l y ) . Only the ranges of grand total values are shown.
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The next step in evaluating decreased carcinogen concentrat ion benefi ts
requires translat ing cancer incidents into medical costs and earnings
foregone. The procedure is  s imi lar  to  that  out l ined in  the a i r  po l lu t ion
control regulation case study for determining medical expenses and work
loss days. The type of information needed to obtain medical costs and
estimated earnings foregone includes:

Employment and housekeeping participation (males and females
keeping house without pay) rates by age

Mean annual earnings of employed individuals and mean household
labor values by age and sex

Surv iva l  ra tes  for  spec i f ic  types o f  cancer  pat ients  for  a t  least
15 years after diagnosis

Life expectancies for cancer patients by cancer type and cross
tabulated by age and sex

General survivorship curve for populat ion of interest (ages 0-70
4 / ,  by  year )

Age d is t r ibut ion for  populat ion of  in terest  (ages 0-70,  by year)

Mean number of patient lost workdays, per year, by cancer type

Medica l  costs  ( inc lud ing costs  for  phys ic ians,  hosp i ta l iza t ion,
drugs,  tes ts ,  p r iva te  nurs ing, special treatment and therapy,
nursing home and attendant care, special equipment and
p ros the t i c s , etc.) by year for each year after diagnosis by age
and sex ( i f  ava i lab le) .

Most of the information ut i l ized in the present case study was obtained
from Hartunian, et al .  (1981). For most RIA's which include cancer impact
effects; these information requirements may not be suff icient ly detai led.
Ha r tun ian ,  e t  a l . , contains an extensive bibl iography on studies relevant
to est imating lowered cancer incident benefi t . Included among the more
per t inent  are : Abt Associates, Inc. and Boston University Cancer Research
Center (1976), American Cancer Society (1975a+b, 1977), Axtell, Cutler and
Myers (1972), Axtel l  and Myers (1974), Cutler, et al.  (1974), Cutler and
Young (1972), and Scotto and Chiazze (1976).

In the present study, the estimated number of excess cancer deaths per age
class and for each year of the planning period was calculated using the
yearly excess cancer risks given above. To do this, the study assumed that

4/ 70 = expected normal lifetime
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the incidence rate did not vary by age class. 5/ For each incidence rate,
the patient 's t ime of death was determined from age-specif ic survivorship
rates for kidney cancer.

Yearly averages of total medical expenses were determined on the basis of a
computer program which utilized kidney cancer cost data from Hartunian,
e t  a l .  ( 1981 ) . The program considered the planning period's yearly total
medical expenses per cancer incident from the year of detection to the year
of death as determined by age distr ibut ion and cancer r isk rate schedules.
For those incidents assumed to occur during the latter years of the
planning period, expenses up to and through the last planning period year
only were included. The results of the program's calculat ions are
presented in Table 33.

To calculate worker earnings foregone after cancer diagnosis, the fol lowing
equation developed from Hartunian, et al.  (1981) was ut i l ized:

(25 )

where

EF = Earnings foregone per cancer incidence

WLEF(n) = earnings foregone during a cancer patient 's l i fe per year
due to work loss days for a person of age n

ADEF(n) = earnings foregone by a cancer patient due to premature
death for a person of age n

n = age

m = specific age at cancer diagnosis

k = specific age of premature death due to cancer

j = average age at death for overal l  populat ion

WLEF(n) and ADEF(n) are calculated as follows:

WLEF(n) = aq i=Y(n)*E(n) (26 )

5 / The assumption is l ikely to be inval id since cancer incidence usually 
does vary by age class; however, not enough information is avai lable
from the excess cancer risk estimate to allow any other assumption.
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Table 33. Health benefits due to the proposed Industry Q water
pol lu t ion cont ro l  regulat ion by year  1 /

Y e a r   
Medical
expenses

Foregone
earnings

Total
Estimate Range 2/

1 1982 1,203 2,162 3,365
2 1983

3 ,005 -  3 ,725
2,445 4,421 6,866

3 1984
6 ,131 -  7 ,601

3,726 6,780 10,506
4

9,381- 11,631
1985 5,050 9,242 14,292

5 1986
12,762- 15,822

6,416 11,830 18,246 16,293- 20,199

6 1987
 7 1988
8 1989
9 1990

10 1991

11 1992 9,345 33,268 42,613
12 1993

38,165- 47,061
9,532 38,166 47,698

13 1994
42,737- 52,659

9,724 44,288 54,012 48,416- 59,608
14 1995 9,920 50,519 60,439 54,197- 66,681
15 1996 10,119 56,863 66,982 60,082- 73,882

16 1997 10,322 64,917 75,239 67,508- 82,970
17 1998 10,530 73,120 83,650 75,074- 92,226
18 1999 10,742 81,469 92,211 82,776- 101,641
19 2000 10,958 91,562 102,520
20

92,049- 112,991
2001 11,178 101,976 113,154 101,615- 124,693

7,825 14,514
8,629 17,561
8,804 20,697
8,981 24,540
9,160 28,448

22,339 19,949- 24,729
26,198 23,399- 28,981
29,501 26,375- 32,627
33,521 29,989- 37,053
37,608 33,664- 41,552

1 / Expressed in constant 1980 dollars.

2 /  To reduce the complexity of the table, the ranges for most entr ies are
"not shown. These can be easily calculated for each value, however,
since a percent variation around the point estimate was assumed for
each  bene f i t  t ype  ( i . e . , 12 percent and 20 percent for medical
expenses and foregone earnings, respectively). Only the ranges of the
grand totals are shown.
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where

aq, i
=  p r o p o r t i o n  o f  y e a r  l o s t  b y  c a n c e r  p a t i e n t s  d u e  t o  t h e i r

i l l n e s s  f o r  c a n c e r  t y p e  q  f o r  t h e  i t h  y e a r  o f  t h e i r  i l l n e s s .
6 /

Y(n)  = the mean annual  earnings of  employed people and homemakers
i n  t h e  g e n e r a l  p o p u l a t i o n  o f  a g e  n

E ( n )  =  t h e  p r o p o r t i o n  o f  t h e  g e n e r a l  p o p u l a t i o n  o f  a g e  n
employed  in  the  labor  fo rce  o r  engaged  in  housekeep ing
t a s k s

ADEF(n) = Pk(n)   Y(n)  E(n)  (l=y) (27)

where

Pk(n) =

Y ( n )  =

E(n)  =

~.

k =

n =

t h e  p r o b a b i l i t y  o f  a  p e r s o n  i n  t h e  g e n e r a l  p o p u l a t i o n  o f  a g e
k  l i v i n g  t o  a g e  n

d e f i n e d  i n  e q u a t i o n  2 6  a b o v e

d e f i n e d  i n  e q u a t i o n  2 6  a b o v e

a v e r a g e  a n n u a l  r a t e  o f  g r o w t h  i n  l a b o r  p r o d u c t i v i t y  7 /

age  a t  dea th

n u m b e r  o f  y e a r s  b e y o n d  t h e  y e a r  f o r  w h i c h  w a g e  l e v e l  i s
e x p r e s s e d  i n

A  compu te r  p rog ram ca l cu la ted - - f o r  e a c h  y e a r  o f  t h e  p l a n n i n g  p e r i o d - - t h e
a m o u n t  o f  e a r n i n g s  f o r e g o n e  t h r o u g h  t h e  u s e  o f  ( 1 )  t h e  a g e - s p e c i f i c  e x c e s s
c a n c e r  i n c i d e n c e  r a t e  f o r  e a c h  y e a r  o f  t h e  p l a n n i n g  p e r i o d ,  ( 2 )  t h e
e x p e c t e d  s u r v i v o r s h i p  b y  a g e  c l a s s  f o r  p e r s o n s  h a v i n g  k i d n e y  c a n c e r ,  a n d
( 3 )  e q u a t i o n s  2 5 - 2 7 . Earn ings  los t  due  to  p remature  dea th  and  work  loss
d a y s  w h i c h  w o u l d  o c c u r  b e y o n d  t h e  t w e n t i e t h  y e a r  o f  t h e  p l a n n i n g  p e r i o d
w e r e  n o t  i n c l u d e d . T h e  r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  a r e  s h o w n  i n  T a b l e
33.

2 . R e c r e a t i o n a l  E f f e c t s  ( I n s t r e a m )

T h r e e  t y p e s  o f  r e c r e a t i o n a l  u s e r  b e n e f i t s  c a n  r e s u l t  f r o m  i m p r o v e m e n t  i n
w a t e r  q u a l i t y : ( 1 )  d e c r e a s e d  c o s t s  f o r  u s e r s  ( i . e . ,  r e d u c e d  t r a v e l  t i m e

6 / T h e  c a s e  s t u d y  a s s u m e d  t h a t  t h i s  p r o p o r t i o n  w a s  t h e  s a m e  a s  t h e  f i r s t
y e a r  f o r  e v e r y  y e a r  u n t i l  t h e  y e a r  o f  d e a t h  s i n c e  i n f o r m a t i o n  w a s  n o t
a v a i l a b l e  i n  H a r t u n i a n ,  e t  a l . ( 1 9 8 1 )  f o r  y e a r s  b e y o n d  t h e  f i r s t .

7 / A s s u m e d  t o  b e  1  p e r c e n t  f o r  t h i s  c a s e  s t u d y .
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and expenses) as recreational si tes closer to users residences become
available, (2) increased use by existing and new users of water-based
recreat ion act iv i t ies  (pr imar i ly  f ish ing,  swimming and boat ing) ,  and (3)
ex is t ing user  benef i ts  resu l t ing f rom improved recreat ion fac i l i t ies  (Abel ,
Tihansky and Walsh, 1975). Two approaches can measure these benefits--
wi l l ingness- to-pay or  par t ic ipat ion models . The use of the
wi l l ingness- to-pay approach ( i .e . , contingent market techniques) was
discussed in  the v is ib i l i ty  sect ion o f  the a i r  po l lu t ion case s tudy and
wil l  not be reexamined here. 8/ The part icipat ion model is discussed
below.

Jo est imate the benefi ts of instream recreation for a given regulat ion
us ing the par t ic ipat ion model ,  the fo l lowing in format ion is  necessary :

an est imate o f  the number  o f  add i t iona l  s i tes  or  the increased
acreage avai lable for water-based recreation due to the
r e g u l a t i o n

knowledge of the relat ionship between the recreation behavior of
consumers and changes in water quality

the value to the consumer of water based recreation act ivi t ies.

For  the f i rs t  o f  these requ i rements , a water qual i ty model for the site in
quest ion is  idea l . Such a model wi l l  est imate water qual i ty levels with
and without regulat ion of a given industry and wil l  take into account other 
sources of pol lut ion and their growth during the planning period.

The changes in water qual i ty est imated from the water qual i ty models wi l l
provide an est imate of the increased areas avai lable for recreation.
Because d i f ferent  leve ls  o f  water  qua l i ty  9 /  are  requ i red for  d i f ferent
types of  recreat ion, this assessment is usual ly done by recreation
type-- ( i .e . ,  f i sh ing,  boat ing and swimming) . Increased demand levels for
each recreat iona l  ac t iv i ty  are  then ca lcu la ted. These estimates should

8 /  For examples of this technique's use in est imating recreation
benefi ts, see Gamlich, 1977; Walsh et al . ,  1978; Greenley et al . ,
1980; and Mitchell and Carson, 1981.

9/ The extent of user act ivi t ies, of course, is dependent upon a broad
range of  water  qua l i ty  character is t ics  that  are  spec i f ica l ly  re la ted
t o  p a r t i c u l a r  r e c r e a t i o n a l  a c t i v i t i e s .  F i s h i n g ,  f o r  i n s t a n c e ,  i s
partially dependent upon the number and types of an area's fish
popula t ion and th is  re f lec ts  such water  character is t ics  as  the leve l
of dissolved oxygen, pH, and sol ids and such aesthetic characterist ics
as turb id i ty  and odor . Boating, on the other hand, is primari ly
inf luenced by aesthetic considerat ions.
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take into account the socioeconomic characterist ics of the populat ion
l ike ly  to  take par t  in  these act iv i t ies  as wel l  as  o ther  recreat ion areas
avai lab le  to  th is  popula t ion. (Examples of recreation demand models
inc lude:  Dav idson et  a l . , Cicchetti, 1973; Clawson and Knelsch; Deyak and
Smith, 1978; and Vaughan and Russell, 1981.) Increased demand is often
expressed as increased activi ty days and is valued using a travel cost or
wil l ingness-to-pay approach. Examples of studies using these methods
include: Burt and Breuer, 1971; Abel,  et al . ,  1973; Walsh et al . ,  1978;
Vaughan and Russell, 1981; and a forthcoming analysis of the Monongahela
River basin, from Research Triangle Park, N.C.

This case study assumed that the study regions' r ivers are primari ly used
for f ishing and boating ( l i t t le swimming occurs in each due to the
unsu i t ab i l i t y  o f  t hese  r i ve rs  f o r  t h i s  ac t i v i t y - -banks  t oo  s teep ,  r ocky
bot toms,  e tc . ) . The regulatory alternative considered in this case study
is expected to increase the number of areas avai lable for both f ishing and
boating. The fol lowing two sect ions discuss the result ing benefi ts.

a. F ish ing benef i ts

Fishermen are sensit ive not only to the supply of f ishable water but also
to  the type of  f ish  ava i lab le  in  g iven areas.  Obv ious ly ,  any est imate o f
user benefi ts for f ishing must be complex to account for such variables as
wa te r  qua l i t y  l eve l s , their effects upon f ish species and numbers, the
relat ionship of f ish species and user preferences, and the relat ionships
between the demographic characteristics of fisherman and their use of
f ish ing areas. A model developed by Vaughan and Russell (1981) takes such
factors into account using relat ively recent data. This model was chosen
to  es t imate the f ish ing benef i ts  fo r  th is  case s tudy.  10/

The Vaughan and Russell model, while data constraints prohibited estimation
of wi l l ingness-to-pay, has been widely used. I t  i s  complex,  cons is t ing o f
twenty-n ine d i f ferent  var iab les,  over  s ix ty  coef f ic ients  and seven
equat ions.  (The model  is  on ly  br ie f ly  descr ibed here. )  Table  34 is  a
va r i ab les  l i s t  d i sp layed  f o r  i l l u s t r a t i ve  pu rposes .

The Vaughan and Russel l  model consists of three stages. In the f i rst,  the
probabil i ty that the average person wil l  be a f isherman is est imated by
taking into account such variables as age, income, sex, place of residence,
and amount of fishable acreage available.

10/ The manner in which this model is ut i l ized in this case study is
probably not an optimal use of the model. This model was developed
for the nation as a whole; hence, i ts use in a regional case study
such as the present one somewhat limits its predictive accuracy.
Ideal ly, a gravitat ional model should be used for such an appl icat ion;
however, such models, usually are fairly complex, and often do not
specif ical ly address given recreation types or take into account water
po l l u t i on  l eve l s . (An example of a gravitational model which does
take into account pol lutant levels is Stern (1973); however, this
model predicts overal l  recreation demand rather than levels by
a c t i v i t y  t y p e . )
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Table 34. List of Variables for the Vaughan and Russel Model

Variable

Variable Type Number Variable Name D e f i n i t i o n Stage of use

Dependen t 1

2

3

4

5
6
7   

Independent 8

9

10

11

12

13

14

15

16 WEST

17 CENT

18

19

SOUTH

COAST

20

21

22

23 BPBAG

P,

pT

pE

pR

TROUTDA
BAPADA
ROUGHDA

AGE Average -age in years

AGESQ

INCH

Age squared

Average income in 1975 dollars

SEX Proport ion of  populat ion which is  male

METRO Propo r t i on  o f  popu la t i on  l i v i ng  i n
metropol i tan areas

INCPER Average income per household member

HEAD Proportion which are head of household
(Dummy variable )

PREF

INCRE

OUTACRE

TBAG

Probabi l i ty  of  being a f isherman

Probabi l i ty  of  doing some cold water
game fish angling

Probability of doing some warm water game
f i s h  a n g l i n g

Probabi l i ty  of  doing some rough f ish
angl ing

Days spent per person per season
freshwater  f ish ing for  co ld  water
game fish (TROUTDA warm water game
fish (BAPADA), and rough fish (ROUGHDA)

Indicates preference for  f ish ing over
o t h e r  w i l d l i f e  a s s o c i a t e d  s p o r t s
(Dummy variable)

Indicates residence in Census West
Region (Dummy variable)

indicates residence in Census Central
Region (Dummy variable)

Indicates residence in a Census South Region
(Dummy variable)

Indicates if area has marine or Great Lakes
Coastline (Dummy variable)

Total acreage of fishable non-Great Lakes
f reshwater  per  capi ta in  region

1 i f  f ishable acres per  capi ta  in  boundary
areas exceeds INACRE

Average number of cold water game fish caught
per  f ish ing day by respondents favor ing the
act iv i ty  (Regional  Average) f rom Survey

Average number of warm water game fish/pan
fish caught per fishing day by respondents
favor ing the act iv i ty  (Regional  Averages)
from Survey

Continued . . .

I ,  I I ,  I I I

I ,  I I ,  I I I

I ,  I I ,  I I I

I ,  I I ,  I I I

I, I I I I I

I

I

I I I

I

I

I

I

I

I

I I ,  I I I

I I ,  I I I I

I

I I

I I

I I

I I I
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Table 34.  (Continued)

Var iab le
NumberVariable Type Variable Name Def in i t ion Stage of use 

24 CBAG Average number of rough fish caught per I I I I I
fishing day by respondents favoring the
activity (Regional Averages) from Survey

25 RFFBPSHR Ratio of fishable freshwater acreage in I
state suitable for warm water game fish/
pan fish to total state fishable acres

Independent 25 RFFFRSHR Ratio of fishable freshwater acreage in I I
state suitable only for rough fish angling
to total state fishable acreage

27 RFFTRAC Fishable freshwater acreage per capita in I I I
state suitable for cola rater game fish
angling

28 RFFBPAC

29 RFFRAC

Fishable freshwater acreage per capita in
state suitable for warm water game fish/
pan fish angling

Fishable freshwater acreage per capita in
state suitable for rough fish angling

 I I

I I I
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I n  s t a g e  I I , t h e  p r o b a b i l i t y  t h a t  t h e  a v e r a g e  f i s h e r m a n  w i l l  f i s h  f o r  a
g i v e n  f i s h  t y p e  i s  e s t i m a t e d , w i t h  p r o b a b i l i t i e s  b e i n g  e s t i m a t e d  f o r  c o l d
w a t e r  g a m e  f i s h ,  w a r m  w a t e r  g a m e  f i s h ,  a n d  r o u g h  f i s h . T h i s  e s t i m a t i o n
t a k e s  i n t o  a c c o u n t  t h e  s o c i o e c o n o m i c  f a c t o r s  ( a g e ,  s e x ,  e t c . ) ,  a s  w e l l  a s
t h e  p r o p o r t i o n s  o f  t h e  f i s h a b l e  w a t e r  w h i c h  c o n t a i n  t h e  t h r e e  d i f f e r e n t
f i s h  t y p e s . T h e  e q u a t i o n s  a r e  c o n s t r u c t e d  t o  a c c o u n t  f o r  c o m p e t i t i o n
b e t w e e n  t h e  f i s h  t y p e s  t o  a c c o u n t  f o r  t h e  f i s h e r m a n ' s  d e m a n d .  T h e  f i n a l
s t a g e  o f  t h e  m o d e l  e s t i m a t e s  t h e  n u m b e r  o f  p a r t i c i p a t i o n  d a y s  p e r  f i s h e r m a n
p e r  y e a r  f o r  e a c h  f i s h  t y p e .  A g a i n , s o c i o e c o n o m i c  f a c t o r s  a r e  t a k e n  i n t o
a c c o u n t  a s  w e l l  a s  t h e  n u m b e r  o f  a c r e s  o f  f i s h a b l e  w a t e r  a v a i l a b l e  f o r  e a c h
f i s h  t y p e . T h e  r e s u l t s  o f  t h e  t h r e e  s t a g e s  a r e  c o m b i n e d  a s  f o l l o w s :

Ai
=  ( P O P )  X  (P,) X  (Pi/Pf) X  (Di) d a y s  f o r  f i s h  t y p e (28 )

where

-Ai = n u m b e r  o f  a c t i v i t y  d a y s ,  p e r  y e a r  p e r  f i s h e r m a n  s p e n t
f i s h i n g  f o r  f i s h  t y p e  i

Pop =  t h e  p o p u l a t i o n  l i k e l y  u s i n g  t h e  w a t e r s  i n  t h e  r e g i o n  i n
q u e s t i o n

pf
=  p r o b a b i l i t y  o f  t h e  a v e r a g e  p e r s o n  b e i n g  a  f i s h e r m a n

Pi/Pf = p r o b a b i l i t y  o f  t h e  a v e r a g e  p e r s o n  f i s h i n g  f o r  f i s h  t y p e  i
g i v e n  t h a t  t h a t  p e r s o n  i s  a  f i s h e r m a n

Di
=  n u m b e r  o f  a c t i v i t y  d a y s  p e r  f i s h e r m a n  p e r  y e a r  s p e n t  f i s h i n g

f o r  f i s h  t y p e  i

i  =  i n d i c a t e s  f i s h  t y p e  ( c o l d  w a t e r  g a m e ,  w a r m  w a t e r  g a m e  a n d

r o u g h  f i s h )

V a u g h a n  a n d  R u s s e l l  v a l u e d  a c t i v i t y  d a y  b y  f i s h  t y p e  u s i n g  a  s u r v e y  o f  f e e s
a p p l i c a b l e  t o  f i s h i n g  s i t e s  w h o s e  o w n e r s  w e r e  a s k e d  t h e  a v e r a g e  s i z e ,
n u m b e r ,  a n d  k i n d  o f  f i s h  c a u g h t ,  a v e r a g e  d i s t a n c e  t r a v e l e d  b y  p a t r o n ,  a n d
o t h e r  f a c t o r s  t o  c o n t r o l  f o r  d i f f e r e n c e s  i n  t h e  q u a l i t y  o f  f i s h i n g
e x p e r i e n c e s  b e t w e e n  s i t e s . Charbonneau and Hay (1978) obtained very
s i m i l a r  r e s u l t s  u s i n g  a  s u r v e y  a s k i n g  f i s h e r m e n  a b o u t  t h e i r  w i l l i n g n e s s - t o -
p a y  f o r  c e r t a i n  t y p e s  o f  f i s h i n g .

The p resent  case  u t i l i zed  the  Charbonneau and  Hay  va lua t ions  because  they
a r e  b a s e d  d i r e c t l y  o n  w i l l i n g n e s s - t o - p a y  a n d  b e c a u s e  t h e  v a l u a t i o n  o f  a
w a r m  w a t e r  g a m e  f i s h  d a y  c o u l d  n o t  b e  o b t a i n e d  d i r e c t l y  f r o m  t h e  s u r v e y
used  in  Vaughan and  Russe l l . The Charbonneau and Hay values, in 1980
d o l l a r s ,  a r e  $ 2 6 . 6 1 ,  $ 2 4 . 0 7 ,  a n d  $ 1 8 . 9 7  f o r  c o l d  w a t e r  g a m e  f i s h ,  w a r m
w a t e r  g a m e  f i s h ,  a n d  r o u g h  f i s h ,  r e s p e c t i v e l y .
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T o  u s e  t h e  V a u g h a n  a n d  R u s s e l l  m o d e l  t o  e s t i m a t e  t h e  b e n e f i t s  r e s u l t i n g
f r o m  a  g i v e n  r e g u l a t o r y  a l t e r n a t i v e , t h e  n u m b e r  o f  a c t i v i t y  d a y s  f o r  e a c h
f i s h  t y p e  i s  e s t i m a t e d  w i t h  a n d  w i t h o u t  t h e  r e g u l a t i o n .  1 1 /  T h e s e
e s t i m a t e s  a r e  s u b t r a c t e d  f r o m  o n e  a n o t h e r  a n d  m u l t i p l i e d  b y  t h e  a p p r o p r i a t e
a c t i v i t y  d a y  v a l u e .

T h e  p r e s e n t  c a s e  s t u d y  a s s u m e d  t h a t  a  p r e - s t u d y  w a s  c a r r i e d  o u t  a t  f i s h i n g
areas  in  Reg ions  1  and  2  to  de te rmine  the  popu la t ion  wh ich  wou ld  be
a f f e c t e d  b y  a  c h a n g e  i n  w a t e r  q u a l i t y  i n  t h e  a f f e c t e d  r i v e r s . In each
c a s e ,  t h e  p o p u l a t i o n  w i t h i n  t h e  c o u n t i e s  s u r r o u n d i n g  t h e  r i v e r s  w a s  f o u n d
t o  b e  a f f e c t e d :  i n  R e g i o n  1 , 3  m i l l i o n  p e o p l e  w e r e  a f f e c t e d ;  i n  R e g i o n  2 ,
a p p r o x i m a t e l y  2 4 0 , 0 0 0 . O t h e r  a s s u m p t i o n s  u s e d  t o  c a l c u l a t e  t h e  f i s h i n g
b e n e f i t s i n c l u d e d :

A  p o p u l a t i o n  g r o w t h  o f  1  p e r c e n t  a n d  2  p e r c e n t  p e r  y e a r  f o r
a f f e c t e d  p o p u l a t i o n s  i n  R e g i o n s  1  a n d  2 ,  r e s p e c t i v e l y ,  f o r  t h e
p l a n n i n g  p e r i o d .

I n  R e g i o n  1 , t e n  m i l e s  o f  t h e  s i x t y  m i l e s  o f  r i v e r  a f f e c t e d  b y
I n d u s t r y  Q  w i l l  n o t  c h a n g e  w i t h  r e g a r d  t o  f i s h a b i l i t y  s i n c e  t o o
m a n y  o t h e r  s o u r c e s  o f  p o l l u t i o n  e x i s t  i n  t h i s  s e g m e n t . I n  t h e
r e m a i n i n g  f i f t y  m i l e  a r e a , w a r m  w a t e r  f i s h i n g  w i l l  r e s u m e ,
r e s u l t i n g  i n  a p p r o x i m a t e l y  a n  1 1  p e r c e n t  i n c r e a s e  i n  t h e  a c r e a g e

a v a i l a b l e  f o r  t h i s  t y p e  o f  f i s h i n g .

I n  R e g i o n  2 , t h e  n o n p o i n t  s o u r c e s  o f  P o l l u t a n t  Y  w i l l  i n h i b i t
c h a n g e s  i n  w a t e r  q u a l i t y  i n  t e n  o f  t h e  r i v e r ' s  a f f e c t e d  o n e
h u n d r e d  m i l e s ;  h e n c e ,  c u r r e n t  l e v e l s  a n d  t y p e s  o f  f i s h  w i l l  b e
c o n s t a n t  i n  t h a t  t e n  m i l e  a r e a . T h e  r e m a i n i n g  n i n e t y  m i l e s
c u r r e n t l y  c o n t a i n  r o u g h  f i s h  a n d  w i t h  t h e  p r o p o s e d  r e g u l a t o r y
a l t e r n a t i v e ,  t h a t  r i v e r  a r e a  w i l l  a l s o  m a i n t a i n  c o l d  w a t e r  g a m e
f i s h . T h i s  w i l l  r e s u l t  i n  c l o s e  t o  a  2 0  p e r c e n t  i n c r e a s e  i n
a c r e a g e  a v a i l a b l e  f o r  c o l d  w a t e r  g a m e  f i s h i n g .

I n d u s t r y  Q  w i l l  n o t  b e  i n  f u l l  c o m p l i a n c e  f o r  t h r e e  y e a r s ,  w i t h
o n e - t h i r d  o f  t h e  i n d u s t r y  c o m p l y i n g  e a c h  y e a r .

F i s h  p o p u l a t i o n s  w i l l  n o t  b e g i n  t o  r e c o l o n i z e  u n t i l  t h e  t h i r d
y e a r  ( 1 9 8 5 )  a f t e r  t h e  p r e f e r r e d  r e g u l a t o r y  a l t e r n a t i v e  g o e s  i n t o
e f f e c t ,  a n d  s u c h  c o l o n i z a t i o n  w i l l  t a k e  a p p r o x i m a t e l y  o n e  y e a r ,
w i t h  m o s t  t r o u t  o f  f i s h a b l e  s i z e  t w o  y e a r s  a f t e r  t h i s  ( i . e . ,
1 9 8 7 ) ,  a n d  m o s t  b a s s  i n  a b o u t  t h r e e  y e a r s  ( i . e . ,  1 9 8 8 ) .  A  m i n o r
b e n e f i t  l e v e l  i s  s h o w n  p r i o r  t o  t h e s e  y e a r s  t o  i n d i c a t e  t h a t  s o m e
f i s h  m a y  r e a c h  f i s h a b l e  s i z e  e a r l i e r .

T h e  d i f f e r e n c e  b e t w e e n  t h e  w i t h  a n d  w i t h o u t  r e g u l a t i o n  s i t u a t i o n s  w i l l
b e  ( 1 )  t h e  t o t a l  n u m b e r  o f  f i s h a b l e  a c r e s  a v a i l a b l e ,  a n d  ( 2 )  t h e  a c r e s
a v a i l a b l e  f o r  e a c h  f i s h  t y p e .
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N a t i o n a l  a v e r a g e s  f o r  d a t a  o n  f i s h e r m e n  f r o m  V a u g h a n  a n d  R u s s e l l  
( 1 9 8 1 )  a d e q u a t e l y  r e f l e c t  f i s h e r m e n  i n  t h e  t w o  r e g i o n s .

T h e  e s t i m a t e d  f i s h i n g  b e n e f i t s  a r e  g i v e n  i n  T a b l e  3 5 .

b . B o a t i n g

P a r t i c i p a t i o n  a p p r o a c h  e s t i m a t e s  o f  b e n e f i t s  r e s u l t i n g  f r o m  i n c r e a s e d
a c r e a g e  a v a i l a b l e  f o r  b o a t i n g  r e q u i r e  a  m o d e l  w h i c h  r e l a t e s  w a t e r  q u a l i t y
and boat ing demand; h o w e v e r ,  f e w  s u c h  m o d e l s  e x i s t .  F o r  t h i s  c a s e  s t u d y ,
t h e  b o a t i n g  p a r t i c i p a t i o n  m o d e l  d e v e l o p e d  b y  D a v i d s o n  e t  a l . ,  1 9 6 6 ,  w i l l  b e
u t i l i z e d .  U n f o r t u n a t e l y ,  t h e  D a v i d s o n  s t u d y  i s  d a t e d  a n d  i t s  w a t e r  q u a l i t y
p a r a m e t e r  i s  n o t  a s  s e n s i t i v e  t o  p o l l u t a n t  l e v e l  a s  i s  d e s i r a b l e  f o r  t h e
c u r r e n t  s t u d y ' s  n e e d s ; i t  i s ,  h o w e v e r ,  t h e  m o s t  r e a s o n a b l e  m o d e l  f o r  t h e
p r e s e n t  s t u d y .

( 2 9 )

q u a l i t y  ( P u b l i c  I n t e r e s t  E c o n o m i c s  C e n t e r  a n d  O f f i c e  o f  P o l i c y  A n a l y s i s ,
U.S. E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  1 9 8 1 ) :

APB = .38485 X  AA +  .03142 X  ARFR

where

T h e  D a v i d s o n  p a r t i c i p a t i o n  m o d e l  r e l a t e s  s o c i o e c o n o m i c  c h a r a c t e r i s t i c s  a n d
s i t e  q u a l i t y  t o  t h e  p r o b a b i l i t y  o f  p a r t i c i p a t i o n  i n  b o a t i n g .  A s s u m i n g  t h e
s o c i o e c o n o m i c  c h a r a c t e r i s t i c s  o f  t h e  r e g i o n  a r e  i n d e p e n d e n t  o f  t h e  p r o p o s e d
r e g u l a t o r y  a l t e r n a t i v e s ,  t h i s  m o d e l  c a n  b e  e x p r e s s e d  i n  t h e  f o l l o w i n g  f o r m
t o  a l l o w  a n  e s t i m a t i o n  o f  i n c r e a s e d  p a r t i c i p a t i o n  d u e  t o  a  c h a n g e  i n  w a t e r

APB = probability of boating participation

T h e  R F R  T e r m  i n  t h e  D a v i d s o n  e t  a l .  m o d e l  i s  a  r a n k i n g  s c a l e  f o r  f i s h i n g
facilities because information on boating was not available for that
s t u d y ' s  a r e a ;  h o w e v e r ,  s i n c e  t h e  m o d e l ' s  r a n k i n g s  w e r e  b a s e d  o n  t h e
a v a i l a b i l i t y  a n d  d e v e l o p m e n t  o f  n a t u r a l  w a t e r  f a c i l i t i e s ,  i t s  u s e  f o r  a
b o a t i n g  m o d e l  w a s  q u a l i t a t i v e l y  j u s t i f i e d . The Dav idson s tudy  assumpt ion
t h a t  e l i m i n a t i o n  o f  p o l l u t i o n  d i s c h a r g e  p r o d u c e s  a  o n e  p o i n t  f a c i l i t y
r a t i n g  i m p r o v e m e n t  i s  a s s u m e d  a l s o  f o r  t h e  p r e s e n t  c a s e  s t u d y .

e x p r e s s e d  i n  a c r e s  p e r  c a p i t a
AA =  t h e  c h a n g e  i n  w a t e r  q u a l i t y  a v a i l a b l e  f o r  r e c r e a t i o n a l  b o a t i n g

ARFR =  c h a n g e  i n  r e c r e a t i o n a l  f a c i l i t y  r a t i n g

T o  t r a n s f o r m  t h e  p r o b a b i l i t y  e s t i m a t e d  b y  E q u a t i o n  2 5  i n t o  a  b e n e f i t
e s t i m a t e ,  t h e  f o l l o w i n g  e q u a t i o n  i s  n e e d e d

(30)
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Table 35.  Inst ream recreat ion benef i ts  due to the proposed Industry  Q water
po l l u t i on  con t ro l  r egu la t i on  by  yea r  1 /

Range 2/
Fish ing benef i ts Boat ing benef i ts Tota l

Year Region 1 Region 2 Subtotal Region 1 Region 2 Subtotal Est imate

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (thousands of dollars)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1
2
3

0
0

0
0
0

444
8,961
9,051
9,141
9,233

9,325
9,418
9,513
9,608
9,704

9,801
9,899
9,998

10,098
10,199

4
5

6
7
8
9

10

1982
1983
1984
1985
1986

1987
1988
1989
1990
1991

11 1992
12 1993
13 1994
14 1995
15 1996

16 1997
17 1998
18 1999
19 2000
20 2001

0
0
0
0

28

563 1,007 11,531 1,214 12,745 13,752 9,676-17,828
575 9,536 11,661 1,238 12,899 22,435 16,181-28,689
586 9,637 11,762 1,263 13,025 22,662 16,345-28,979
598 9,739 11,880 1,288 13,168 22,907 16,606-29,292
610 9,843 11,999 1,314 13,313 23,156 16,854-29,458

622 9,947
634 10,052
647 10,160
660 10,268
673 10,377

13,460 23,407 17,038-29,776
13,607 23,659 17,222-30,096
13,757 23,917 17,412-30,382
13,909 24,177 17,602-30,752
14,062 24,439 17,794-31,084

687 10,488
700 10,599
714 10,712
729 10,827
743 10,942

12,119 1,341
12,240 1,367
12,362 1,395
12,486 1,423
12,611 1,451

12,737 1,480
12,864 1,510
12,992 1,540
13,123 1,571
13,254 1,603

14,217 24,705 17,990-31,420
14,374 24,973 18,186-31,760
14,532 25,244 18,384-32,104
14,694 25,521 18,588-32,454
14,857 25,799 32,806-18,792

0
0
0
0

28

3,620 363 3,983 3,983 2 , 7 8 8 - 5 , 1 7 8
7,424 752 8,176 8,176 5,723-10,629

11,192 1,144 12,336 12,236 8,635-16,037
11,303 1,167 12,470 12,470 8,729-16,211
11,414 1,190 12,604 12,632 8,844-16,420

E x p r e s s e d  i n  c o n s t a n t  1 9 8 0  d o l l a r s .

To reduce the complexi ty  of  the table, the ranges for most entries are not shown. These can be easily
calculated for  each value,  however,  s ince a percent  var iat ion around the point estimate was assumed for
each benef i t  type ( i .e . ,  25 percent  and 30 percent f o r  f i s h i n g  a n d  b o a t i n g  b e n e f i t s ,  r e s p e c t i v e l y ) . Only
the ranges of the grand total values are shown.
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where

=  b o a t i n g  b e n e f i t s  f o r  y e a r  i  a n d  r e g i o n  j

V =  v a l u e  o f  a  b o a t i n g  d a y

Day j =  t h e  n u m b e r  o f  d a y s  p e r  y e a r  i n d i v i d u a l s  w h o  p a r t i c i p a t e  i n
b o a t i n g  u s e  t h e i r  b o a t s  ( o r  c a n o e s )  o n  t h e  r i v e r  i n  r e g i o n  j

= population in region j during year i

= c h a n g e  i n  p r o b a b i l i t y  o f  p a r t i c i p a t i n g  i n  b o a t i n g  f o r  y e a r  i
a n d  r e g i o n  j  ( c a l c u l a t e d  i n  E q u a t i o n  2 9 )

i , j =  s u b s c r i p t s  i n d i c a t i n g  y e a r  ( i )  a n d  r e g i o n  ( j )

T o  c a l c u l a t e  i n c r e a s e d  b o a t i n g  p a r t i c i p a t i o n , t h e  p r e s e n t - s t u d y  a s s u m e d  t h e
f o l l o w i n g :

T h e  e f f l u e n t  f r o m  I n d u s t r y  Q  p r o d u c e s  o d o r s  a n d  a n  u n d e s i r a b l e
w a t e r  c o l o r  i n  c e r t a i n  a r e a s  o f  t h e  r i v e r s  i n  e a c h  o f  t h e
a f f e c t e d  r e g i o n s . T h e  w a t e r  i n  c e r t a i n  p o r t i o n s  i s  a l s o  s l i g h t l y
c o r r o s i v e  t o  b o a t  h u l l s . A c c o r d i n g  t o  s t r e a m  m o d e l  r e s u l t s ,  t h e
p r o p o s e d  r e g u l a t o r y  a l t e r n a t i v e s  s h o u l d  e l i m i n a t e  t h e s e  p r o b l e m s
o v e r  m o s t  o f  t h e  a f f e c t e d  r i v e r  a r e a .

T h e  i n c r e a s e  i n  b o a t i n g  a c r e s  p e r  c a p i t a  d u e  t o  t h e  r e g u l a t o r y
a l t e r n a t i v e  i s  . 0 0 0 6  a n d  . 0 0 0 8  f o r  R e g i o n s  1  a n d  2 ,  r e s p e c t i v e l y .
12 /

B o a t e r  s u r v e y s  i n  e a c h  r e g i o n  i n d i c a t e d  t h a t  t h e  m e a n  a v e r a g e
n u m b e r  o f  d a y s  s p e n t  b o a t i n g  e a c h  y e a r ,  w e r e  f o u r  d a y s  a n d  f i v e
d a y s  f o r  R e g i o n s  1  a n d  2 ,  r e s p e c t i v e l y .

T h e  N a t i o n a l  P l a n n i n g  A s s o c i a t i o n  ( 1 9 7 5 )  e s t i m a t e  t h a t  t h e  v a l u e
o f  a  b o a t i n g  d a y  i s  e q u a l  t o  1 . 2  t i m e s  t h a t  o f  a  f i s h i n g  d a y
a p p l i e s  t o  t h e  t w o  s t u d y  r e g i o n s . ( F o r  t h e  c a l c u l a t i o n s ,  1 . 2
t i m e s  t h e  v a l u e  o f  w a r m  w a t e r  g a m e  f i s h  a c t i v i t y  d a y  w a s
u t i l i z e d . )

T h e  r e s u l t s  o f  t h e  c a l c u l a t i o n s  a r e  s h o w n  i n  T a b l e  3 5 .

12 /  These  a re  assumed to  have  been deve loped th rough a  survey  o f  the
a f f e c t e d  a r e a s  a s  w e l l  a s  t h r o u g h  t h e  u s e  o f  a  w a t e r  q u a l i t y  m o d e l .
The  resu l ts  shown were  based on  es t imates  repor ted  by  the  Pub l i c
I n t e r e s t  E c o n o m i c s  C e n t e r  a n d  O f f i c e  o f  P o l i c y  A n a l y s i s ,  U . S .
Env i ronmenta l  Pro tec t ion  Agency  (1981) .
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3. A e s t h e t i c  a n d  E x i s t e n c e  E f f e c t s

T h i s  s e c t i o n  e x a m i n e s  f o u r  b e n e f i t  t y p e s - - o u t - o f - s t r e a m  r e c r e a t i o n a l ,
o p t i o n ,  e x i s t e n c e ,  a n d  b e q u e s t  b e n e f i t s . T h e  f i r s t  i n c l u d e s  t h o s e
a e s t h e t i c  b e n e f i t s  f r o m  w a t e r - e n h a n c e d ,  o u t - o f - s t r e a m  r e c r e a t i o n a l
a c t i v i t i e s  ( e . g . ,  p i c n i c k i n g ,  h u n t i n g ,  j o g g i n g ;  h i k i n g )  w h i c h  r e s u l t
b e c a u s e  n e a r b y  l a k e s  a n d  s t r e a m s  a r e  c l e a n .  O p t i o n  v a l u e  ( o r  o p t i o n
b e n e f i t s )  r e p r e s e n t s  t h e  b e n e f i t  a n  i n d i v i d u a l  r e c e i v e s  f r o m  p r e s e r v i n g  t h e
o p t i o n  t o  u s e  a  s c a r c e  r e s o u r c e  ( e . g . , a  r i v e r )  i n  t h e  f u t u r e  w h e n  t h e r e  i s
s o m e  d o u b t  a s  t o  w h e t h e r  t h i s  r e s o u r c e  w i l l  b e  a v a i l a b l e  a t  t h a t  t i m e .
E x i s t e n c e  b e n e f i t  d e n o t e s  t h a t  v a l u e  d e r i v e d  f r o m  t h e  p u b l i c ' s  k n o w l e d g e
t h a t  t h e  w a t e r  q u a l i t y  o f  g i v e n  w a t e r  b o d y  i s  c u r r e n t l y  m a i n t a i n e d  e v e n
t h o u g h  a n y  g i v e n  i n d i v i d u a l  d o e s  n o t  n e c e s s a r i l y  e x p e c t  t o  v i s i t  t h e  s i t e .
B e q u e s t  b e n e f i t  i n d i c a t e s  t h a t  v a l u e  w h i c h  a n  i n d i v i d u a l  p l a c e s  u p o n
k n o w i n g  t h a t  f u t u r e  g e n e r a t i o n s  w i l l  b e  a s s u r e d  o f  a n  a d e q u a t e  s u p p l y  o f
p o t e n t i a l l y  s c a r c e  r e s o u r c e s  ( W a l s h ,  e t  a l . ,  1 9 7 8 ) .

T h e  m e t h o d s  f o r  v a l u i n g  s u c h  b e n e f i t s  w e r e  e x a m i n e d  i n  t h e  v i s i b i l i t y
s e c t i o n  o f  t h e  a i r  p o l l u t i o n  c a s e  s t u d y ;  h e n c e ,  t h e y  n e e d  n o t  b e  r e p e a t e d
here . A n d ,  a s  i n  t h a t  s e c t i o n ,  a  c o n t i n g e n t  m a r k e t  a p p r o a c h  w i l l  b e
u t i l i z e d  t o  v a l u e  t h e s e  b e n e f i t s .

T h e  p r e s e n t  c a s e  s t u d y  a s s u m e s  t h a t  a  s e r i e s  o f  c a r e f u l l y  d e s i g n e d
c o n t i n g e n t  m a r k e t  s u r v e y s  w e r e  c o n d u c t e d  i n  t h e  t w o  r e g i o n s . (See Rowe and
C h e s t n u t ,  1 9 8 1 ,  a n d  M i t c h e l l  a n d  C a r s o n ,  1 9 8 1 ,  f o r  a  d i s c u s s i o n  o f  t h e  b i a s
d i f f i c u l t i e s  t h a t  a f f e c t  s u c h  s u r v e y s . )  T h e  c a l c u l a t i o n  m e t h o d s  u s e d  f o r
b e n e f i t  v a r i a t i o n  w e r e  s i m p l i f i e d  s i n c e  t h e  b i d  v a l u e  w a s  a s s u m e d  n o t  t o
v a r y  b y  i n c o m e  o r  o t h e r  s o c i o e c o n o m i c  c h a r a c t e r i s t i c s . I n  a n  a c t u a l  s t u d y ,
ca lcu la t ions  wou ld  be  per fo rmed fo r  each  soc ioeconomic  g roup ing  and  then
summed. E x a m p l e s  o f  s u c h  e q u a t i o n s  a r e  s h o w n  i n  t h e  v i s i b i l i t y  s e c t i o n  o f
t h e  a i r  c a s e  s t u d y .

Respondents  in  each  reg ion  were  shown a  ser ies  o f  pho tographs  wh ich
i l l u s t r a t e d  w h a t  t h e  r i v e r  i n  t h e i r  r e g i o n  w o u l d  l o o k  l i k e  w i t h  a n d  w i t h o u t
t h e  p r o p o s e d  r e g u l a t o r y  a l t e r n a t i v e . The  responden ts  were  a lso  in fo rmed
t h a t  t h e  o d o r  f r o m  t h e  r i v e r  w h i c h  s o m e t i m e s  p e r v a d e s  c e r t a i n  c i t y  a n d
m u n i c i p a l  p a r k s  w o u l d  b e  e l i m i n a t e d .

I t  i s  w o r t h  n o t i n g  t h a t  c o n t i n g e n t  m a r k e t  s u r v e y s  a r e  e x p e n s i v e  a n d
t ime-consuming , a n d  m a y  o f t e n  n o t  b e  p o s s i b l e  w i t h i n  e x i s t i n g  r e s o u r c e
c o n s t r a i n t s . E x i s t i n g  s t u d i e s  c o u l d  b e  u s e d  t o  e s t i m a t e  w i l l i n g n e s s  t o  p a y
i n  l i e u  o f  a n  a c t u a l  s u r v e y  i f  f u n d s  a r e  l i m i t e d . However ,  such b ids  tend
t o  b e  s i t e  s p e c i f i c  a n d  t h e  e s t i m a t e s  f o r  o n e  a r e a  m a y  n o t  a d e q u a t e l y
r e f l e c t  t h o s e  o f  a n o t h e r  a r e a . Ano ther  approach  migh t  be  to  use  ac tua l
m a r k e t s  a s  p r o x i e s  ( e . g . , p r o p e r t y  v a l u e s )  a s  o u t l i n e d  i n  t h e  w a t e r
p o l l u t i o n  c a s e  s t u d y . Care  mus t  be  taken  in  us ing  such  an  approach ,  s ince
i t  i s  s o m e t i m e s  d i f f i c u l t  t o  d e f i n e  e x a c t l y  w h i c h  b e n e f i t s  a r e  b e i n g
measured.
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a . O u t - o f - s t r e a m  r e c r e a t i o n a l  b e n e f i t s

T o  e s t i m a t e  o u t - o f - s t r e a m  r e c r e a t i o n a l  b e n e f i t s ,  r e s p o n d e n t s  w h o  c u r r e n t l y
( w i t h i n  t h e  l a s t  f i v e  y e a r s )  t a k e  p a r t  i n  a c t i v i t i e s  w h i c h  t h e  r i v e r s  s e r v e
t o  e n h a n c e  ( e . g . , p i c n i c k e r s ,  j o g g e r s , r e s i d e n t s  l i v i n g  o n  o r  n e a r  t h e
r i v e r s )  w e r e  i s o l a t e d . T h e s e  r e s p o n d e n t s  ( h e r e a f t e r  r e f e r r e d  t o  a s
aes the t i c  respondents )  were  asked  how much they  wou ld  pay  per  househo ld  to
h a v e  t h e  p o l l u t i o n  i n  t h e  r i v e r  r e d u c e d  t o  p r o d u c e  t h e  e f f e c t s  s h o w n  i n  t h e
p h o t o g r a p h s  a n d  d e s c r i b e d  i n  t h e  s u r v e y .

T h e  o u t - o f - s t r e a m  r e c r e a t i o n a l  b e n e f i t s  s h o w n  i n  T a b l e  3 6  w e r e  e s t i m a t e d
a s s u m i n g  t h e  f o l l o w i n g :

T h e  p a r k s  o r  r e c r e a t i o n a l  a r e a s  i n  t h e  a f f e c t e d  p o r t i o n  o f  t h e
r i v e r s  i n  R e g i o n s  1  a n d  2  a t t r a c t  n o  u s e r s  f r o m  o u t s i d e  t h e
r e g i o n s .

Reg ion  1  and  2  respondents  w i l l  pay  on  the  average approx imate ly
$ 2 5  a n d  $ 2 0 ,  r e s p e c t i v e l y ,  p e r  h o u s e h o l d  p e r  y e a r  t o  a c h i e v e  t h e
w a t e r  q u a l i t y  c o n c o m i t a n t  w i t h  t h e  p r o p o s e d  r e g u l a t o r y  o p t i o n .

O n l y  6 0  p e r c e n t  o f  t h e  h o u s e h o l d s  i n  R e g i o n  1  a n d  7 0  p e r c e n t  o f
t h e  h o u s e h o l d s  i n  R e g i o n  2  t a k e  p a r t  i n  o u t - o f - s t r e a m ,  w a t e r -
e n h a n c e d  r e c r e a t i o n a l  a c t i v i t i e s  o r  l i v e  n e a r  t h e  r i v e r s .

b . O p t i o n  b e n e f i t s

T o  e s t i m a t e  o p t i o n  v a l u e  t h e  s tudy  a s k e d  r e s p o n d e n t s  w h a t  a d d i t i o n a l  a m o u n t
t h e y  w o u l d  p a y  t o  a s s u r e  t h a t  t h e  i m p r o v e d  w a t e r  q u a l i t y  w o u l d  b e  
m a i n t a i n e d  f o r  t h e i r  f u t u r e  r e c r e a t i o n a l  u s e . ( P e r s o n s  c u r r e n t l y  n o t  u s i n g
t h e  r i v e r  f o r  o u t - o f - s t r e a m  r e c r e a t i o n  w e r e  a l s o  i n c l u d e d  i n  t h i s  p o r t i o n
o f  t h e  s u r v e y  s i n c e  t h e y  c o u l d  i n  t h e  f u t u r e  t a k e  p a r t  i n  s u c h  r e c r e a t i o n
a c t i v i t y . )  T h e  a v e r a g e  b i d  f o r  b o t h  c u r r e n t  u s e r s  a n d  n o n u s e r s  w a s  $ 9  p e r
h o u s e h o l d ,  p e r  y e a r , f o r  R e g i o n  1  a n d  $ 7  p e r  h o u s e h o l d ,  p e r  y e a r ,  f o r
Region 2. T h e  r e s u l t i n g  b e n e f i t s  ( a s s u m i n g  t h e s e  b i d s )  a r e  s h o w n  i n  T a b l e

36.        

C. E x i s t e n c e  a n d  b e q u e s t  b e n e f i t s

T o  e s t i m a t e  e x i s t e n c e  a n d  b e q u e s t  b e n e f i t s , t h o s e  r e s p o n d e n t s  c u r r e n t l y  n o t
u s i n g  t h e  r i v e r s  f o r  r e c r e a t i o n  a n d  w h o s e  p r o b a b i l i t y  o f  f u t u r e  u s e  w a s  l o w
w e r e  i d e n t i f i e d  a n d  q u e s t i o n e d . ( A s  w a s  o u t l i n e d  i n  t h e  v i s i b i l i t y  s e c t i o n
o f  t h e  f i r s t  c a s e  s t u d y , t h i s  p r o c e d u r e  h e l p s  t o  a s s u r e  t h a t  t h e r e  i s
l i t t l e  o v e r l a p  a m o n g  t h e  f o u r  b e n e f i t  t y p e s  d i s c u s s e d  i n  t h i s  s e c t i o n ;  s e e
t h e  v i s i b i l i t y  s e c t i o n  f o r  f u r t h e r  e x p l a n a t i o n . )  T h e s e  i n d i v i d u a l s  w e r e
a s k e d ,  ( 1 )  h o w  m u c h  t h e y  w o u l d  p a y  t o  i m p r o v e  t h e  w a t e r  q u a l i t y  i n  t h e
r i v e r s  i n  q u e s t i o n  t h o u g h  t h e i r  p r o b a b i l i t y  o f  u s e  i s  l o w  a n d  ( 2 )  w h a t
a d d i t i o n a l  a m o u n t  t h e y  w o u l d  p a y  t o  a s s u r e  t h a t  f u t u r e  g e n e r a t i o n s  c o u l d
e n j o y  t h i s  s a m e  l e v e l  o f  w a t e r  q u a l i t y .
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The existence and bequest benefit estimates for Regions 1 and 2 are shown 
in Table 36. These were based on the following assumptions:

The survey avoided bias and double-counting and contained a
signif icant enough sampling of nonusers of the r iver.

The average nonuser in Region 1 would pay $12 per household per
year to improve the water qual i ty of the r iver to the proposed
level and $8 per household per year to assure this quali ty for
fu ture  generat ions.

The average nonuser in Region 2 would pay $10 per household per
year to improve the water qual i ty of the r iver to the proposed
leve l  and $6.50 to  assure th is  qua l i ty  for  fu ture  generat ions.

The annual fee cited by nonusers in each region would be a
reasonable est imate of the existence and bequest benefi ts for al l
householders in the region.

4 . Diversionary Use Effects

Diversionary use benefi ts are those which accrue to diverters of improved
qua l i t y  r i ve r  wa te rs . These benef i ts  spec i f ica l ly  inc lude those for
households (e.g., reduced water hardness), reduced public waterworks
treatment costs, cost savings to industr ial  users of process and cool ing
water, and increased productivi ty for farms as greater volumes of clean
water  become ava i lab le  for  i r r igat ion. Quantifying such benefits may
involve est imating (1) cost savings for publ ic waterworks and industr ial
users, (2) wi l l ingness-to-pay or cost savings values for household use and
(3) the values of consumer and producer surplus in the case where increased
ag r i cu l t u ra l  p roduc t i v i t y  has  resu l t ed . The procedures for quanti fying
these benefi ts are discussed in more detai l  below. .

a. Publ ic waterworks and industr ial  user benefi ts

To assess cost reductions for publ ic waterworks and industr ial  users,
ana lys ts  must  f i rs t  ident i fy  the potent ia l ly  a f fec ted users . To do this,
the following are needed:

A stream model for assessing present and predicting future
pol lutant levels in the r iver with and without the proposed
regula t ion. The models must consider the effects of all present
and potential  dischargers to the r iver, the region's present and
fu ture  popula t ion leve ls , and the r iver 's  b io log ica l  processes,
stream flow, and weather effects stream flow.

Knowledge of the location of al l  user inf luent pipes and of the
user  in take water  po l lu tant  leve ls  before and af ter  regu la tory
impos i t ion .

Information on the processing of the intake water by affected
users.
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Table 36. Out-of-stream recreational, option, existence and bequest benefits from the proposed Industry Q 
water pollution control regulation by year 1/ 

Benefit type 
Out-of-stream recreational Option value Existence Bequest Total 
Region Region Region Region Region Region Region Region 

Year 1 2 Subtotal 1 2 Subtotal 1 2 Subtotal 1 2 Subtotal Estimate Range 2/ 

----------------------------------------------------- thousands of dollars -------------------------------------------- 

1 1982 5,396 
2 1983 10,899 
3 1984 16,512 
4 1985 16,678 
5 1986 16,841 

6 1987 17,013 
7 1988 17,183 
8 1989 17,355 
9 1990 17,528 

10 1991 17,704 

11 1992 17,881 
12 1993 
13 1994 

18,059 
18,240 

14 1995 18,422 
15 1996 18,607 

16 1997 18,793 
17 1998 18,981 
18 1999 19,170 
19 2000 19,362 
20 2001 19,556 

403 5,199 
822 11,721 

1,257 17,770 
1,268 17,945 
1,308 18,149 

1,334 10,347 
1,361 18,544 
1,388 10,743 
1,416 10,944 
1,444 19,140 

1,473 19,354 
1,502 19,562 
1,533 19,773 
1,563 19,906 
1,595 20,201 

1,627 20,419 
1,659 20,640 
1,692 20,863 
1,726 21,088 
1,761 21,316 

3,237 201 3,439 4,317 
6,540 411 6,951 8,719 
9,907 629 10,536 13,210 

10,007 641 10,647 13,342 
10,105 654 10,759 13,473 

10,208 667 10,875 
10,310 601 10,990 
10,413 694 11,107 
10,517 708 11,225 
10,622 722 11,344 

10,718 737 11,465 
10,836 751 11,487 
10,944 766 11,710 
11,053 782 11,835 
11,164 797 11,961 

11,276 813 12,089 
11,388 830 12,218 
11,502 846 12,348 
11,617 863 12,480 
11,733 880 12,614 

13,610 953 
13,746 972 
13,084 992 
14,023 1,012 
14,163 1,032 

14,304 1,052 
14,448 1,073 
14,592 1,095 
14,738 1,117 
14,085 1,139 

15,034 1,162 
15,185 1,185 
15,336 1,206 
15,490 1,233 
15,645 1,258 

288 
587 
898 
905 
934 

4,604 2,878 
9,306 5,813 

14,108 8,807 
14,247 8,895 
14,407 8,902 

14,563 9,073 
14,719 9,164 
14,875 9,256 
15,034 9,348 
15,195 9,442 

15,357 9,536 
15,521 9,632 
15,687 9,728 
15,855 9,825 
16,024 9,924 

16,196 10,023 
16,370 10,123 
16,542 10,224 
16,723 10,326 
16,902 10,430 

187 3,065 16,907 12,398-21,416 
382 6,195 34,173 25,060-43,286 
584 9,390 51,804 37,990-65,618 
508 9,483 52,322 38,369-66,275 
607 9,589 52,904 38,796-67,012 

620 9,693 53,478 39,218-67,738 
632 9,796 54,049 39,636-68,467 
645 9,900 54,625 40,059-69,191 
657 10,006 55,209 40,487-69,931 
671 10,113 55,000 40,921-70,679 

684 10,220 56,396 41,358-71,434 
698 10,329 56,999 41,801-72,197 
712 10,440 57,610 42,249-72,971 
726 10,551 58,227 42,711-73,753 
740 10,664 50,850 43,159-74,541 

755 10,778 59,482 43,622-75,342 
770 10,893 60,121 44,092-76,150 
706 11,010 60,763 44,562-76,964 
801 11,128 61,419 45,044-77,794 
817 11,247 62,079 45,582-78,576 

In constant 1980 dollars. 

To reduce the complexity of the table, ranges are shown only for the yearly totals. Ranges for the other estimates can he easily calculated 
since a constant percent variation around the point estimate was assumed for each benefit type (i.e., 15%, 30%, 30%, and 40% for out-of- 
stream recreation, option value, existence and bequest benefits, respectively. 



B o t h  b e f o r e  a n d  a f t e r  r e g u l a t i o n  c o s t s  1 3 /  f o r  w a t e r  t a k e n  f r o m
t h e  r i v e r  f o r  e a c h  a f f e c t e d  i n d u s t r y  t y p e  a n d  p u b l i c  w a t e r w o r k s .

T h o s e  u s e r s  r e a l i z i n g  a  c o s t  d i f f e r e n t i a l  w i l l ,  o f  c o u r s e ,  b e n e f i t  f r o m  t h e
p r o p o s e d  r e g u l a t i o n , a n d  t h i s  b e n e f i t  l e v e l ,  a s  s t a t e d  e a r l i e r ,  i s  m e a s u r e d
b y  t h e  c o s t  s a v i n g s  e x p e r i e n c e d .  I n  p e r f o r m i n g  t h i s  e s t i m a t e ,  a  g e n e r i c
a p p r o a c h  ( b a s e d  u p o n  u s e r  l e v e l s  o f  n e e d e d  w a t e r  p r o c e s s i n g )  l i k e l y  c a n  b e
u s e d  t o  r e d u c e  t h e  c o m p l e x i t y  o f  t h e  r e q u i r e d  d a t a  a n d  c a l c u l a t i o n s . c o s t
s a v i n g s  e s t i m a t e s  s h o u l d  b e  m a d e  f o r  e a c h  y e a r  o f  t h e  p l a n n i n g  p e r i o d . For
f u t u r e  y e a r  e s t i m a t e s ,  p o p u l a t i o n  a n d  i n d u s t r i a l  g r o w t h  s h o u l d  b e  t a k e n
i n t o  a c c o u n t .

b . H o u s e h o l d e r  b e n e f i t s

T o  a s s e s s  h o u s e h o l d  b e n e f i t s ,  p o l l u t a n t  l e v e l s  i n  h o u s e h o l d  w a t e r  b e f o r e
a n d  a f t e r  r e g u l a t i o n s  m u s t  b e  e s t a b l i s h e d  t o  d e t e r m i n e  t o  w h a t  e x t e n t  t h e
p r o p o s e d  r e g u l a t i o n  h a s  r e d u c e d  t h e i r  c o n c e n t r a t i o n .  1 4 /  T o  a s s e s s  t h e
b e n e f i t s  o f  t h e  d e t e r m i n e d  r e d u c t i o n ,  e s t i m a t e s  c o u l d  b e  m a d e  o f  d e c r e a s e d
h o u s e h o l d e r s '  c o s t s  ( e . g . ,  r e d u c e d  s o f t e n e r  d e t e r g e n t ,  b l e a c h  c o s t s ) .
Bene f i t s  cou ld  a lso  be  measured  th rough  a  househo lder ' s  con t ingen t  marke t
su rvey ; h o w e v e r ,  t h e  d i f f i c u l t y  o f  d e s c r i b i n g  t h e  d i r e c t  c o s t  e f f e c t s  o f
p o l l u t a n t  c h a n g e s  t o  h o u s e h o l d e r s  m a y  s i g n i f i c a n t l y  i n h i b i t  t h e  v a l u e  o f
such a  survey.

c . A g r i c u l t u r a l ,  i n d u s t r i a l  a n d  w a t e r w o r k s  b e n e f i t s

To  assess  the  consumer  and  p roducer  su rp lus  bene f i t s  wh ich  wou ld  resu l t
f r o m  i n c r e a s e d  a m o u n t s  o f  i r r i g a t i o n  w a t e r  u s e ,  t h e  m e t h o d  o u t l i n e d  i n  t h e
e c o l o g i c a l  e f f e c t s  s e c t i o n  o f  t h e  a i r  p o l l u t i o n  c a s e  s t u d y  s h o u l d  b e
u t i l i z e d . T h e  r e a d e r  i s  r e f e r r e d  t h e r e  f o r  f u r t h e r  i n f o r m a t i o n .

T h e  p r e s e n t  c a s e  s t u d y  a s s u m e s  t h a t  t h e  p r o p o s e d  r e g u l a t i o n  w i l l  r e s u l t
o n l y  i n  p u b l i c  w a t e r w o r k s  d i v e r s i o n a r y  b e n e f i t s . I r r i g a t i o n  i s  n o t
p r e v a l e n t  ( n o r  n e e d e d )  i n  e i t h e r  o f  t h e  r e g i o n s ,  a n d  t h e  a f f e c t e d
p o l l u t a n t s  a r e  n o t  o f  c o n c e r n  t o  t h e  r e g i o n s '  i n d u s t r i a l  c o o l i n g  w a t e r s .
( T h e  g e r m a n e  p o l l u t a n t s  d o  a f f e c t  c e r t a i n  t y p e s  o f  i n d u s t r i a l  p r o c e s s
w a t e r ,  h o w e v e r ,  i n  s u c h  c a s e s ,  t h e  a f f e c t e d  i n d u s t r i e s  w i l l  r e c e i v e  t h e i r
w a t e r  d i r e c t l y  f r o m  p u b l i c  w a t e r w o r k s  a n d  w i l l  n o t  r e p r o c e s s  i t  b e f o r e
u s e . )  F i n a l l y ,  h o u s e h o l d  p r e s e n t  v a l u e  b e n e f i t s  a r e  p r e s e n t e d  a l s o .  N o
s i g n i f i c a n t  c h a n g e s  i n  h o u s e h o l d  w a t e r  p o l l u t a n t  l e v e l s  w i l l  o c c u r ,  t h o u g h
t h e  c o s t s  t o  p u b l i c  w a t e r w o r k s  t o  a c h i e v e  t h o s e  l e v e l s  w i l l  b e  r e d u c e d .

T h i s  w i l l  l i k e l y  o n l y  i n c l u d e  o p e r a t i o n  a n d  m a i n t e n a n c e  c o s t s .

R e d u c e d  p o l l u t a n t  l e v e l s  i n  h o u s e h o l d  w a t e r  a r e  n a t u r a l l y  o f  c o n c e r n
a n d  a r e  a l s o  m e a s u r e d  u n d e r  h e a l t h  b e n e f i t s . Though munic ipal
wate rworks  may  no t  a lways  remove such  po l lu tan ts  as  chemica ls  recen t l y
c l a s s i f i e d  a s  h a z a r d o u s , i n d u s t r i a l  r e g u l a t i o n s  m a y  h e l p  r e d u c e  t h e i r
c o n c e n t r a t i o n s .  W h e n  s u c h  r e d u c t i o n s  a r e  a f f e c t e d ,  t h e y  s h o u l d  b e
c o n s i d e r e d  i n  t h e  h e a l t h  b e n e f i t s  s e c t o r  t o  a v o i d  d o u b l e - c o u n t i n g .
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The diversionary use benefits shown in Table 37 were calculated using the
fol lowing assumptions:

The reduced pol lutant levels for water treated in municipal
systems wil l  result  in a longer period between regeneration t imes
for the carbon used in the systems to remove organics.

The municipal system in Region 1 (serving 2,900,000 people)
ut i l izes carbon columns or act ivators; the affected systems in
Region 2 use granular activated carbon systems.

For reasons already discussed in the health section, only the
systems in Cities B and C of Region 2 will be affected by the
proposed regulat ions. These serve 33,000 and 44,000 individuals,
respect ive ly .

System costs were based on Westin and Culp (1976) and Temple,
Barker and Sloan (1977) estimates. The municipal systems in
Region 1 were modeled after a system serving more than 1 million
persons; those in Cities B and C were assumed to be similar to
systems in  areas wi th  10,000-100,000 persons.  15/

All three systems would save approximately .Ol& per thousand
gal lons processed i f  the proposed regulat ion were in effect.

Usage rate in both regions is approximately 150 gal lons/person/-
day. 16/

5. Eco log ica l  Ef fec ts

There are three primary types of ecological effects--commercial,
recreat iona l ,  and natura l . Since the benefi ts of increased recreational
fishing populations have already been assessed, they will not be discussed
fur ther  here. The commercial and natural ecological benefits are discussed
separately below.

a.  Commercial effects

Two classes of commercial  impacts can result  f rom water pol lut ion. The
first results when pol luted irr igat ion water causes crop damage. Lowered
pollutant levels should reduce or eliminate such damage. The assessment of
the resu l t ing benef i ts  would  be s imi lar  to  that  out l ined for  a i r  po l lu t ion

15/ System costs were developed with the help of engineers from Pope Reid
Associates.

16/ This usage rate est imate, taken from Metcalf and Eddie (1973),
accounts for domestic, commercial, industr ial  and publ ic water use,
with the percentage breakdown of this est imate as fol lows: 10
percent, 18 percent, 24 percent and 17 percent, respectively.
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Table 37.  Divers ionary use benef i ts  due to the proposed industry  Q
water regulat ion by year 1/

Year Region 1 Region 2 Est imate
Tota l

Range 2/

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -thousand of  dollars --------------------------------------------------------------------------------------

 1984  

1 1982
 2 1983
3
4 1985
5 1986

6 1987
7 1988
8 1989
9 1990

10 1991

11 1992
12 1993

 13 1994 
14 1995 
15 1996

524
1,075
1,620
1,636
1,652

 14
29
44
45
46

1,669
1,685
1,702
1,719
1,736

1,754
1,771  
1,789
1,807
1,825

538
1,103
1,664
1,681
1,698

47 1,716
47 1,732
48 1,750
49 1,768
50 1,786

 51
52
53
55
56

1,805
1,823
1,842
1,862
1,881

484 - 592
993 - 1,214

1,498 - 1,830
1,513 - 1,342
1,528 - 1,868

1,544 - 1,888
1,559 - 1,905
1,575 - 1,925
1,591 - 1,945
1,607 - 1,965

1,624 - 1,986
1,641 - 2,005
1,658 - 2,026
1,676 - 2,048
1,693 - 2,069

16 1997 1,843 57 1,900 1,710 - 2,090
17 1998 1,862 58 1,920 1,728 - 2,112
18 1999 1,880 59 1,939 1,745 - 2,133
19 2000 1,899  60

61
1,959 1,763 - 2,155

20 2001 1,918 1,978 1,781 - 2,177

In 1980 dol lars .

To reduce the complexi ty of  the table,  only the ranges for  the year ly tota ls are given;  however,
the other ranges can be easi ly  calculated s ince a constant  percent  var iat ion around the est imate was
assumed.  ( In  th is  case a 10 percent  var ia t ion was used for  both regions.)
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crop damage; however if the grower experienced more damage to his crops
than irr igat ion benefi ted him in increased revenues, the grower would
l ike ly  s top i r r igat ing long before a regulation can be promulgated to
reduce the pol lut ion in the irr igat ion water. Consequently, some of these
benefits would be considered diversionary use benefits as discussed in the
diversionary use section of this case study.

Because a fairly lengthy discussion on this type of benefi t  analysis was
already outl ined for the air case study, none of the water from the
af fec ted por t ions o f  the r ivers in each region is assumed to be used for
irr igat ion purposes.

An additional commercial effect of water pollution is reduced commercial
f ish populat ions. Again, the assessment of this benefi t  result ing from
reduced pollution would be similar to that outlined for crop damage due to
air pollution except that a demand curve for the commercial fishery
affected would be used in place of that used for the crop examined in the
f irst case study. Estimates of f ish populat ion levels, both with and
without the proposed regulat ion, for each year of the planning period would
be needed to est imate the necessary supply curves. However, since l i t t le
data on f ish populat ions exist, an est imat ion of  supply  curves may be
imposs ib le  in  cer ta in  s i tuat ions;
be le f t  unquant i f ied.

thus, this benefi t  category may have to
Examples of studies for which bioeconomic modeling

of a fishery has been attempted include: Blomo et al . , (1978) and Blomo
(1979).

Because commercial fisheries are often not found on smaller inland rivers,
no commercial fisheries were assumed to exist on the river segments
examined in this study.

b .  Na tu ra l  e f f ec t s

Natural ecosystem effects result  when pol lutants signif icantly reduce plant
and animal species and disrupt the functioning of aquatic communities. The
types of benefi ts associated with these effects are primari ly existence and
bequest.

This case study assumed that an endangered species is located in the river
in Region 2 and that the proposed regulatory option wil l  considerably
improve its chances of survival. To assess the regional benefi ts 17/ of
improving the survival chances of this population, a survey was conducted
in Region 2 asking (1) how much households would be willing to pay to see
this improvement in survival probabi l i t ies for the endangered species
population in the area and (2) what additional amount they would be willing

accruing to only the region in question.

17/ In the case of an endangered species or habitat,  individuals outside
the region may be concerned (i.e., conse rva t i on i s t s ) ;  t hus ,  t h i s  i s
another factor which should perhaps be assessed. Nonetheless, to
reduce the scope of this case study, the benefits considered are those

120



to pay to help assure that this populat ion would survive for future
generations in the region. The resulting benefits are shown in Table 38
and were estimated by assuming that the average household in the region
would pay $5 per year to assure the present survival of the endangered
species and $3 to assure survival for future generat ions.

Where the expense and time involved preclude a survey approach, this
benef i t  category  wi l l  most  l ike ly  have to  be addressed qual i ta t ive ly .
Ranges of values from similar studies may be used as proxies when a more
in-depth approach is not possible.

6. Aggregation of Benefi ts

The procedures for the aggregation of benefi ts was discussed in detai l  in
the air regulat ion case study; hence, they need not be repeated here.

The benefi ts described in this water regulat ion case study were careful ly
defined to avoid benefi t  sector overlapping, thus, the benefi ts presented
in the preceding subsections can be direct ly added. The results of such
aggregation are shown in Table 26.
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T a b l e  3 8 . I n d u s t r y  Q  w a t e r  p o l l u t i o n  c o n t r o l  r e g u l a t i o n s :  e c o l o g i c a l
b e n e f i t s  a s s o c i a t e d  w i t h  a n  e n d a n g e r e d  s p e c i e s  b y  y e a r  1 /  2 /

Y e a r
B e n e f i t  t y p e T o t a l

E x i s t e n c e B e q u e s t E s t i m a t e R a n g e  3 /

- - - - - - - - - - - - - - - - - - - - - - - - - - (Thousands of dollars)--------------------------

1982 144 8 6 230
1983 294 176 4 7 0
1984 4 4 9 269 718
1985 4 5 3 272 725
1986 467 280 747

1 4 2 -  3 1 8  
2 9 0 -  6 5 0
4 4 4 -  9 9 2
4 4 9 - 1 , 0 0 1
4 6 2 - 1 , 0 3 25

4
3
2
 1

6 1987
7 1 9 8 8
8 1989
9 1990

10 1991

477 286
4 8 6 292

  496 298
506 303
516 310

7 6 3 4 7 2 - 1 , 0 5 4
7 7 8  4 8 2 - 1 , 0 7 4
794 4 9 2 - 1 , 0 9 6
8 0 9 5 0 1 - 1 , 1 1 7
8 2 6 5 1 1 - 1 , 1 4 1

11 1992 526 316 842 5 2 1 - 1 , 1 6 3
12 1993 537 322 8 5 9 5 3 1 - 1 , 1 8 7
13 1994 547 328 875 5 4 1 - 1 , 2 0 9
14 1995 558 335 8 9 3 5 5 3 - 1 , 2 3 3
15 1996 570 342 912 5 6 4 - 1 , 2 6 0

16 1997 581 349 930 5 7 6 - 1 , 2 8 4
17 1998 593 356 949 5 8 7 - 1 , 3 1 1
18 1999 604 363 967 5 9 8 - 1 , 3 3 6
19 2000 617 370 987 6 1 0 - 1 , 3 4 6
20 2001 629 377 1 , 0 0 6 6 2 2 - 1 , 3 9 0

1 /  T h e  s p e c i e s  i s  l o c a t e d  o n l y  i n  R e g i o n  2 ;  t h u s ,  t h e  b e n e f i t s  a r e  f o r
t h i s  r e g i o n  o n l y . P e r s o n s  l i v i n g  o u t s i d e  t h e  r e g i o n  m a y  b e  c o n c e r n e d

a b o u t  t h i s  s p e c i e s  a n d  m i g h t  b e  w i l l i n g  t o  p a y  a  c e r t a i n  a m o u n t  t o
g u a r a n t e e  i t s  s u r v i v a l ; h o w e v e r ,  d u e  t o  l a c k  o f  i n f o r m a t i o n ,  t h e s e
b e n e f i t s  w e r e  c a l c u l a t e d  o n  a  r e g i o n a l  b a s i s  o n l y .

2 /  I n  c o n s t a n t  1 9 8 0  d o l l a r s .

3 /  T o  r e d u c e  t h e  c o m p l e x i t y  o f  t h e  t a b l e ,  r a n g e s  o n l y  f o r  t h e  y e a r l y
t o t a l s  a r e  s h o w n . R a n g e s  f o r  t h e  o t h e r  e s t i m a t e s  c a n  b e  e a s i l y
c a l c u l a t e d  s i n c e  a  c o n s t a n t  p e r c e n t  v a r i a t i o n  a r o u n d  t h e  p o i n t
e s t i m a t e  w a s  a s s u m e d  f o r  e a c h  b e n e f i t  t y p e  ( i . e . ,  4 0 %  a n d  3 5 %  f o r
e x i s t e n c e  a n d  b e q u e s t  b e n e f i t s ,  r e s p e c t i v e l y ) .
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D. Social Costs

This section of the water qual i ty regulat ion case study presents the social
costs of implementing the most stringent of the proposed BAT guidelines for
Industry Q. These costs are defined as the value of the goods and services
lost by society result ing from (1) the use of private resources to meet
regula tory  compl iance,  (2)  the reduct ion in  output  a t t r ibutab le  to
compliance, and (3) the use of government resources to implement a
regula t ion. Past regulatory impact analyses usually focused only on those
costs  incur red by d i rec t ly -a f fec ted pr ivate  par t ies . The to ta l  soc ia l
costs presented and discussed separately below, however, include (1) all
pr ivate real resource costs (net of transfers),  (2) dead-weight welfare.
losses, (3) governmental regulatory costs, and (4) adjustment costs.

This study's est imates of the total social costs of regulatory compliance
were determined within a stat ic, part ial  equi l ibr ium framework.
Just i f i ca t ion for  th is  approach and a deta i led exp lanat ion o f  i ts  bas ic
procedures were presented in the social costs sect ion of the preceding air
po l lu t ion cont ro l  regu la t ion case s tudy. The present case study differs
from those procedures only in its emphasis on those concerns specific to
water pol lut ion control regulat ion compliance and on those matters of
soc ia l  cost  ana lys is  not  per t inent  to  the a i r  po l lu t ion cont ro l  regu la t ion
case study.

analysis to extrapolate individual plant compliance costs est imates to
aggregate industry costs.

Throughout the fol lowing discussions of pr ivate sector real resource costs
and adjustment costs, there are numerous references to the economic impact
analysis, Section E. These re ferences re f lec t  the in t r ica te  nature  o f  the
social costs analysis which uses the findings of the economic impact

The major interactions between the social costs analysis and economic
impact analysis are reviewed below.

The social costs analysis uses
pollution abatement compliance
pr iva te  sector  rea l  resource costs .  These indust ry  costs  are
estimated by aggregating f i rm level compliance costs at the
post - regu la t ion leve l  o f  product ion.  F i rm leve l  compl iance cost
est imates are derived from engineering cost est imates of
pol lut ion abatement technologies. These f i rm level costs
analyzed in the economic impact analysis to determine the price
increase necessary to maintain the model plants'  pre-regulat ion
l e v e l s  o f  p r o f i t a b i l i t y . The cost analysis incorporates these
price increases into a market analysis of industry supply and
demand to est imate the post-regulat ion level of production.

costs as an approximate measure of
est imates of aggregate industry

The economic impact analysis, Section E, projects probable
employment and plant closure impacts for the case where all
compliance costs are absorbed by the firms and the case where the
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most l ikely price increase occurs. The adjustment costs analysis
monetizes the employment and plant closure impacts for the worst
case scenario, i .e.,  no pass through.

For this case study, the fol lowing industry-related assumptions were made:

Industry Q is located only in Regions 1 and 2.

The proposed regulat ion wil l  require that new pol lut ion abatement
technology be added to existing (and new) manufacturing plants in
both regions.

No change wil l  occur in the operating eff iciency of the affected
p lants .

Firms in the industry employ a single major process and are
represented in the study estimates by a combination of
extra-small ,  small ,  medium, and large model plants.

Firms in the industry produce a single consumer good that is sold
in  a  per fec t ly  compet i t ive  market .  18/

Model plant results wil l  be aggregated to the industry level by
mult iplying each model by the applicable number of extra-small ,
small, medium and large plants in each industry.

The fol lowing four subsections detai l  the procedures appl icable to
determining the four types of social costs noted above.

1. Private Sector Real Resource Costs

For this study; private sector real resource costs were calculated by
estimating investment costs, annual operating and maintenance costs, and
any addit ional costs incurred by the private sector both prior to and
fol lowing regulatory compliance. Compliance costs are thus used as a proxy
for  pr iva te  sector  rea l  resource costs . The procedures for estimating
compliance costs are well described by EPA and are similar to the
procedures presented in the air pol lut ion control regulat ion case study.
The principal dif ference between the procedures appl icable to air
pol lut ion control regulat ion cost studies and those employed in water
po l lu t ion cont ro l  regu la t ion cost  ana lyses is  that  those o f  the la t ter
t rad i t ional ly  spec i fy  e f f luent  gu ide l ines and s tandards on an indust ry-by-
indust ry  bas is  whi le  the a i r  po l lu t ion cont ro l  regu la t ion cost  s tud ies
tradit ional ly examine the costs of regulat ing one pol lutant emitted by any
number  o f  indust r ies .  Th is  occurs  as  a  resu l t  o f  the per t inent

18/  For  d iscuss ions on soc ia l  costs  ana lys is  o f  o l igopol is t ic ,
monopolist ic, and intermediate markets, see Anderson and Sett le, 1977;
Bohm, 1973; and Gramlich, 1981.
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leg is la t ion.  In  keeping wi th  th is  approach,  the water  po l lu t ion cont ro l
regu la t ion cost  ana lys is  for  th is  s tudy is  based on a  spec i f ica t ion o f
e f f l uen t  l im i t s  f o r  f i rms  i n  on l y  one  i ndus t r y .

Br ie f ly ,  the costs  o f  water  po l lu t ion cont ro l  regu la t ion compl iance are
usual ly est imated in the fol lowing manner.

The industry is segmented into process technology categories
and the costs  for  regu la t ing the appropr ia te  po l lu tant  e f f luents
are determined for each such category.

The industry is resegmented into representat ive sectors that
reflect the economic environment of the industry, and model
p lants  are  deve loped for  each sector .  In  model l ing indust r ies  to
measure the economic effects of pol lut ion control costs, al l
factors which wi l l  cause f i rms to have dif ferent average costs,
outputs, or impacts are considered.

The compliance costs are estimated for each model plant.

The model plant compliance costs are expanded to industry sectors
by mult iplying each model plant 's costs by the number of i ts
const i tuent  p lants  in  the indust ry . The to ta l  indust ry  costs  are
then estimated by summing the costs for each sector.

Conventional cost analyses usually end with an estimate of total industry
compliance costs. A total social cost analysis, however, goes on to
es t ima te  t he  marke t  impac t  o f  po l l u t i on  con t ro l  comp l i ance  cos t s ;  t ha t
is ,  to  es t imate i ts  resu l tant  sh i f ts  in  pr ice  and product ion.  Changes in
production affect the private sector real resource and adjustment costs,
and changes in prices and outputs measure the deadweight welfare loss.

The remaining portion of this discussion of Private Sector Real Resource
Costs discusses in detai l  the procedures for est imating private sector real
resource cost and is organized is the following manner: (a) segmenting the
industry, (b) cost est imation procedures, and (c) case study appl icat ion.

a. Segmenting the industry

Industry segmentation is necessary in order to construct a representat ive
number of model f i rms that in total would accurately represent an
indust ry 's  supply  condi t ions - - those indust ry  p lant  character is t ics  that
resu l t  in  indust ry  f i rms hav ing d i f fe rent  average costs ,  outputs ,  or
impacts  as  a  resu l t  o f  po l lu t ion cont ro l  requ i rements .  Such
characterist ics include such industry f i rm variables as volume of sales,
p ro f i t ab i l i t y ,  t ype  o f  p rocess ,  and  f i rm  l oca t i on .

Such variables are needed in determining model plant pol lut ion control
costs. Because economies of size affect pol lut ion control costs, volume of
sales is an important variable for def ining model plants. Smaller plants
usual ly require larger price increases to offset such costs; hence, the
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e f fec t  o f  po l l u t i on  con t ro l  r equ i remen ts  w i l l  va ry  by  p l an t  s i ze .  P lan t s
of  d i f fe rent  process types wi l l  o f ten exper ience d i f fe rent  impacts ,  fo r
pol lut ion control technology requirements and their consequent costs often
vary for each process. Location may also impact on a plant 's input or
output  costs  through t ranspor ta t ion or  o ther  reg iona l  fac tor  charges.  A
p lan t ' s  p ro f i t ab i l i t y  i s  r e f l ec t i ve  o f  ave rage  p l an t  cos t s ,  and  t he  l owe r
the prof i tab i l i ty  the greater  is  the potent ia l  negat ive impact  o f
regulatory compliance costs.

Segmenting an industry and determining the appropriate number of model
plants necessary to an analysis depend upon the industry and the required
accuracy of the resultant est imates. Beyond this point,  however, detai led
industry knowledge is necessary to determine how much variation in an
important variable one model plant can reasonably represent.

b. Cost estimation procedures

Once the model plants have been defined, variables such as output and input-
prices (and, necessar i ly ,  po l lu t ion cont ro l  technology costs)  are

incorporated into the model plant framework 19/ and shif ts in supply are
estimated for each model plant. Next, the model plant results are expanded
to model industry segments by multiplying each model plant's supply curve
by the number  o f  s imi lar  p lants  in  the indust ry .  The resu l ts  for  a l l  the
industry segments are then summed to estimate the supply function for the
en t i r e  i ndus t r y . The dif ference in the basel ine supply function and the
supply function with the proposed water pol lut ion control regulat ion
enacted defines the probable shif t  in supply as a result  of regulat ion.
Theoret ica l ly ,  the sh i f t  in  supply  consequent  to  regula tory  compl iance wi l l
resu l t  f rom 1)  sh i f ts  in  the indust ry 's  p lants '  marg ina l  cost  curves
at t r ibu tab le  to  compl iance costs , and 2)  the supply  e f fec ts  o f  the c losures
of  p lants  which cannot  v iab ly  suppor t  po l lu t ion cont ro l  costs . A diagram
of this market impact is shown in Figure 5. The supply curve without
regulat ion represents the sum of the quanti ty each individual plant
produces at each given price. Demand is determined exogenously. The shift
in  supply  a t t r ibutab le  to  the cont ro l  costs ' required price increases among
plants is shown as S'. The regulatory costs cause the individual f i rm's
marginal cost curves to increase; thus, the industry curve increases as
w e l l . As production increases, plants with larger incremental costs enter
the market (assuming economies of size in pol lut ion control costs) and the
difference in the basel ine supply curve and the supply curve with
regu la t ion increases wi th  the leve l  o f  output .

The sh i f t  in  supply  a t t r ibutab le  to  p lant  c losures is  shown as S" .  P lants
that  c lose as a  resu l t  o f  po l lu t ion cont ro ls  usual ly  have re la t ive ly  h igher
average costs, and thus, are at the upper end of the supply curve. Due to
the p lant  c losures, that quantity which would have been produced by these

19/ Section E, Economic Impacts, contains a more detai led discussion of
the model plant framework and i ts use in est imating social costs.
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Figure 5. Illustration of supply shifts resulting from pollution
con t ro l  r egu la t i on .
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f i rms is subtracted from overal l  market supply (although remaining f irms
are often able to increase production and thus absorb the otherwise lower
output ) .

The analyt ic procedures described above require a knowledge of f i rms' (or 
model plants')  specif ic marginal cost curves. For most regulatory
analyses, however, th is  knowledge wi l l  not  be ava i lab le .  Consequent ly ,  i t
wi l l  be necessary to approximate the effects of the individual plants
sh i f ts  in  supply  on the indust ry  supply  funct ion. In this case study, the
effect is approximated by assuming the elast ici t ies of the industry supply
and demand functions have already been defined. I n  p rac t i ce ,  ava i l ab le
elast ici ty est imates should be obtained from exist ing studies (sometimes
the op in ion of  indust ry  exper ts  can be ut i l i zed) .  I f  no est imates are
avai lable, sensit ivi ty analysis can be performed over a "reasonable" range
of  assumed e las t ic i t ies .

Knowing the elast ici t ies and the current market equi l ibr ium price and
quantity, the industry supply and demand functions were then defined as
nonl inear ,  constant  e las t ic i ty  funct ions o f  the fo l lowing form:

P = axQb (31)

where

P = price

a = constant

Q = quantity supplied or demanded

b = exponent ia l  coef f ic ient  ( inverse o f  the e las t ic i ty )

A graph ic  i l lus t ra t ion o f  these funct ions is  shown in  F igure 6 .

The sh i f t  in  the supply  funct ion resu l t ing f rom po l lu t ion cont ro l
regulat ion can be estimated by determining the "required" price increase
necessa ry  t o  ma in ta in  t he  f i rm ' s  p ro f i t ab i l i t y  a t  t he  o r i g i na l  equ i l i b r i um
leve l  o f  product ion and apply ing th is  increase to  the or ig ina l  equ i l ib r ium
pr i ce . The requi red pr ice increase is  t rad i t iona l ly  der ived in  the
economic impact analysis, Sect ion E,  by analyz ing the f i rm's  f inanc ia l
statements. Since all plants in the industry are assumed to be producing
at the margin, th is  increase wi l l  be propor t iona l  to  the marg ina l
product ion ra te  o f  each p lant  a t  the market  pr ice .  Most  s tud ies  wi l l  not
have the information necessary to est imate the marginal production rates
(pre or  post - regu la t ion) ;  thus, the industry price increase wil l  have to be
based solely on the model plants'  required price increase. Two approaches
to  es t imate the increase are :  (1) a straight average of the model plants'
pr ice  increases, and (2) a weighted average price increase based on each
model  p lant 's  to ta l  product ion.
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F i g u r e  6 .  I l l u s t r a t i o n  o f  s h i f t s  i n  I n d u s t r y  Q s  s u p p l y  f u n c t i o n  a n d
market  equi l ibr ium resul t ing f rom water  pol lu t ion contro l
r egu la t i on .
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Once the required price at the original level of production has been
es t ima ted  ( i . e . , the or ig ina l  pr ice p lus the requi red increase) ,  the
exponential supply function with regulat ion can be estimated as the
funct ion that  passes through th is  po in t  def ined by the or ig ina l  ( i .e . ,  on ly
the e las t ic i ty  changes) . Market  equ i l ib r ium wi th  regula t ion is  a t  the
point where the supply function with regulat ion and the original demand
funct ion in tersect ,  wh ich is  usua l ly  a t  a  lower  pr ice  and leve l  o f
production.

c. Applicat ion to case study

The procedural framework discussed above is used in the present case study
to estimate the probable market price and quantity impacts of the here
cons idered indust ry  water  po l lu t ion regula t ion. The principal
indust ry  character is t ic  which wi l l  a f fec t  the Indust ry  Q p lants '  responses
to  po l lu t ion cont ro l  cost  requ i rements  is  p lant  s ize;  consequent ly ,  the
plants in the industry were categorized by four size groupings --
extra-small ,  small ,  medium and large. The numbers of plants and their
production characterist ics by category are:

Number of Model plant 's Indust ry  sector 's
p lants annual annual

Sector r e p r e s e n t e d p roduc t i on
( m i l l i o n  u n i t s ) ( m i l l i o n  u n i t s )

product ion

Extra-small 12 .16 1.92
Small 20 .60 12.00
Medium 40 1.40 56.00
Large 15 2.00 30.00
TOTAL  87 99.92

The projected market equi l ibr ium price without regulat ion is $25 per unit
o f  product ion. Elasticity of supply and demand are +.96 and -.43,
respect ive ly .

elast ici t ies were derived from other sources. Based on these data, the
variables of the basel ine industry supply and demand functions are:

The industry price and production levels were determined by analyzing
current and projected market condit ions. The industry supply and demand

Supply: a = 1.16 x 10 -7

b = 1.041

Demand: a = 1.12 x 10
20

b = -2.331

The proposed water regulat ion wil l  cause each plant in the industry to
invest in and maintain pol lut ion control equipment. The resultant
pol lut ion control costs (presumably determined in a previous study) are:
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Industry
sector

Investment
cos t

Annual O&M
costs per

p e r  p l a n t
($1000 )

p l a n t
($1000)

Extra-small 580 200
Small 1,200 375
Medium 2,450 770
Large 3,400 1,020

As expected, pol lut ion control costs are higher for each larger size of
plant category and, also as expected, they increase at a decreasing rate,
i . e . , the costs per unit  of production decrease as the plant size
increases.

Each plant category's average price increase necessary to maintain
pre-regulat ion prof i tab i l i ty  can be determined by apply ing the regulatory
costs within an NPV analysis. (The applicable methodology used in the
present  s tudy is  out l ined in  Sect ion E be low.)  The requi red pr ice
increases and changes in production for each plant category as a result  of
the po l lu t ion cont ro l  requ i rements  are :

Industry
sector

Extra-small
Small
Medium
Large

P r i c e Required
wi thout p r i c e
regula t ion increase

25 4.0
25 2.1
25 2.0
25 1.8

Apply ing the resu l t ing pr ice increases for  each category  to  the quant i ty  o f
output  in  the base l ine supply  funct ion determines the pro jec ted sh i f t  in
the supply function and the regulat ion-induced shif t  in production and
pr ices . This case study used the average of both the straight average and
production-weighted average price increases. A graphic representat ion of
the sh i f t  in  supply  is  shown in  F igure 6 .  The e last ic i ty  o f  supply  wi l l
decrease to +.959 and the variables of the supply function with regulat ion
w i l l  b e :

Supply with regulation: a = 1.16 x 10
-7

b = 1.043

The post-regulat ion market equi l ibr ium, which is the point where the supply
funct ion wi th  regu la t ion and the or ig ina l  demand funct ion in tersect ,  is
determined by simultaneously solving the two functions. At this new market
equi l ib r ium,  the indust ry  wi l l  p roduce 98,960,000 un i ts  a t  a  pr ice o f
$25.30 per unit .

131



The above market equi l ibr ium analysis indicates that industry production
would decrease. The economic impact section of this case study estimates
that some of the decrease in production would eventually come from plant
closures. The extra-small  category  plants, because they face the highest
incremental costs, become, then, marginal producers and subject to closure.
Consequently, based on the analysis of economic impacts, an estimated four
of the extra-small  plants wi l l  c lose, and the remaining decrease in
production wil l  come from the remaining plants in the industry.

Summing the plant compliance costs for the reduced number of plants
determines the pr iva te  sector  rea l  resource cost  for  the indust ry .  These
are shown in Table 39. The costs are reported on a cash flow basis;
therefore, investment costs are reported in the year the resources are
commi t t ed ,  i . e . ,  s t a r t i ng  i n  t he  f i r s t  yea r  o f  t he  i nves tmen t .  Fu l l
compliance is achieved by Year 3, and for each of the two years prior to
fu l l  compl iance,  one- th i rd  o f  the f i rms wi l l  comply .

2. Deadweight Welfare Loss

A given regulation may result in society foregoing the consumption of some
measure of the goods and services affected by that regulation. T h i s  e f f e c t
(shown in the previous subsection as the decrease in industry output
result ing from an incremental pr ice increase) is defined as the deadweight
welfare loss and represents the net reduction in consumers' and producers'
surpluses which are not accounted for in the private sector real resource
costs .  20/  Conceptua l ly ,  th is  loss  is  a  measure o f  consumer  wi l l ingness-
to-pay for  the los t  output  less producer  pre- regu la t ion costs .
Analytically, this loss is measured by the area between the demand function
and the industry's pre-regulat ion supply curve over the range of output
los t  due to  regu la t ion. For the present case study, the area representing
the deadweight welfare loss is shown graphical ly in Figure 6.

Calculat ing the deadweight welfare loss result ing from the water pol lut ion
control regulat ion for Industry Q is rather complex since the supply and
demand functions are non-linear. However, i f  i t  is assumed (1) that the
functions are approximately l inear around the area of adjustment and (2)
that the area representing the deadweight welfare loss is roughly equal to
one-half of the area. bounded by the. pre-regulation price, the
pre-regulat ion price plus compliance costs, and the pre-and post-regulat ion
outputs, the loss in precision wi l l  be minimal and the area can be
approximated with the fol lowing equation:

(32)

The total loss in consumers' and producers' surpluses due to
regulat ion is the sum of the private sector 's real resource cost and
the deadweight welfare loss.
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Table 39. Private sector real resource costs of the proposed water pollution control 
regulation for Industry Q by model plant and year 

Year Extra-small Small Medium Large Total 

---------------------------------------- ($1,000) ----------------------------------- 

1982 2,338 11,017 
1983 

45,045 
2,936 13,633 

1984 2,755 
52,573 

14,676 
1985 

62,551 
1,595 7,476 

1986 
30,701 

1,595 7,476 30,701 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

1987 1,595 7,476 
1988 1,595 7,476 
1989 1,595 7,476 
1990 1,595 7,476 
1991 1,653 7,756 

1992 1,711 8,036 
1993 1,750 8,276 
1994 1,750 8,276 
1995 1,750 8,276 
1996 1,750 8,276 

16 1997 1,750 
17 

8,276 
1998 1,750 8,276 

18 1999 1,750 8,276 
19 2000 1,750 8,276 
20 2001 1,750 8,276 

30,701 15,251 
30,701 

55,023 
15,251 

30,701 
55,023 

15,251 
30,701 

55,023 
15,251 

31,844 
55,023 

15,818 57,071 

32,907 16,384 
33,968 

59,038 
16,951 

33,968 
60,945 

16,951 
33,968 

60,945 
16,951 

33,968 
60,945 

16,951 60,945 

33,968 16,951 
33,968 

60,945 
16,951 

33,968 
60,945 

16,951 
33,968 

60,945 
16,951 

33,968 
60,945 

16,951 60,945 

22,084 80,484 
27,167 96,309 
32,251 112,233 
15,251 55,023 
15,251 55,023 

Costs are in constant 1982 dollars. 



where

DWL    =
J

deadweight welfare loss in year j

P = equi l ib r ium pr ice,

Q = equil ibrium quantity, and

j = year (1, 2, 3, . . . 20)

The annual deadweight welfare l oss - - equal to $144,000--is calculated by
mul t ip ly ing the incrementa l  pr ice increase,  $ .30,  by the reduct ion in
output, 960,000 units, and dividing by two.

Est imates o f  the deadweight  we l fare  losses resu l t ing  f rom the water  
pol lut ion control regulat ion for years one to twenty are presented in
Table 40. Losses in Years 1 and 2 are based on the assumption that
one-third of the f irms come into compliance in each year. Therefore, the
loss in Year 3 represents the annual deadweight welfare loss result ing from
100 percent compliance.

3. Government Regulatory Costs

Regulatory impact analyses have tradit ional ly estimated (though not
formally employed) the costs incurred by government to implement and
enforce regu la t ions. These costs, because they are a use of resources
d i rec t l y  i nvo l ved  i n  regu la to ry  ac t i ons , should be considered a social cost
to be included in regulatory impact analyses.

The principal government costs of regulat ions are those related to the
fo l lowing compl iance act iv i t ies : (1)  permi t t ing,  (2)  moni tor ing and
repor t ing,  (3)  enforcement ,  and (4)  l i t iga t ion. The procedures for
est imating these costs are not  wel l  def ined in  publ ished l i te ra ture;
however, various government offices have estimated these costs while
developing their regulatory budgets.

Accurately est imating government costs would require al locating the
regula tory  respons ib i l i t ies  and the i r  costs  among federa l ,  s ta te  and loca l
government levels. The required resources at each of these levels
depend upon the specif ic regulatory act ion considered and the projected
roles of each level of government.

The hypothetical government costs ut i l ized for the 20-year t ime horizon of
the present study are shown in Table 41. Since specific EPA procedures for
estimating such costs are often unavailable, Agency budget planners may
well  subst i tute "best judgment" est imates.

Some of the measures that should be considered when estimating each of the
pr inc ipa l  types o f  costs  are  the fo l lowing:
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Tab le  40 . D e a d w e i g h t  w e l f a r e  l o s s  o f  t h e  p r o p o s e d  w a t e r  p o l l u t i o n
c o n t r o l  r e g u l a t i o n  f o r  I n d u s t r y  Q  b y  y e a r  1 /

Year T o t a l  l o s s

($1 ,000)

1
2
3
4
5

6
7
8
9

10

11 1992
12 1993
13 1994
14 1995
15 1996

16 1997 144
17 1998 144
18 1999 144
19 2000 144
20 2001 144

1982 48
1983 96
1984 144
1985 144
1986 144

1987
1988
1989
1990
1991

144
144
144
144
144

144
144
144
144
144

1 / C o s t s  a r e  i n  c o n s t a n t  1 9 8 2  d o l l a r s .
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Tab le  41 . G o v e r n m e n t  r e g u l a t o r y  c o s t  o f  t h e  p r o p o s e d  w a t e r  p o l l u t i o n
c o n t r o l  r e g u l a t i o n  f o r  I n d u s t r y  Q  b y  y e a r

Year T o t a l  c o s t  1 /

( $ 1 , 0 0 0 )

1 1982 400.0
2 1983 550.0
3 1984 700.0
4 1985 502.0
5 1986 502.0

6 1987
7 1988

8 1989
9 1990

10 1991

502.0
442 .0
432 .0
324 .0
314 .0

11 1992 404.0
12 1993 329.0
13 1994 319.0
14 1995 211.0
15 1996 201.0

16 1997 291.0
17 1998 256.0
18 1999 246.0
19 2000 138.0
20 2001 102.0

C o s t s  a r e  i n  c o n s t a n t  1 9 8 2  d o l l a r s .
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Type of Cost

Permi t t ing

M o n i t o r i n g  a n d
repor t ing

Enforcement

L i t i g a t i o n

Each type of cost should be estimated

Factors Affect ing Cost

Sta f f  t ime (admin is t ra t ive ,
techn ica l  and c ler ica l )
Computer time
Number of permits processed

Number of sites
Type of monitoring
Reporting burden and processing
time

Sta f f  t ime
Number of sites
Degree of complexity of
regula t ion
L e v e l  o f  e n f o r c e m e n t  

Case load (projected)
Level of enforcement

as a  funct ion o f  var iab les  that  are
re la ted d i rec t ly  to  the pro jec ted growth in  emiss ions (e f f luents)  and
compliance assumptions.

4. Adjustment Costs

One of the possible consequences of a regulatory act ion is that regulatory
induced reductions in output may displace resources through such effects as
p lant  c losures and job losses.  A l though,  theoret ica l ly ,  these resources
wil l  be reemployed in the long run and society wil l  incur only temporary
costs, r ea l i s t i ca l l y  speak ing ,  ma rke t  impe r fec t i ons  ( i . e . ,  va r i a t i ons  f r om
the theoret ical assumptions of perfect competi t ion) may prevent
reemployment of some resources even in the long run. Therefore, adjustment
costs should include: (1) the value of the resources temporari ly
unemployed, (2) the costs of relocating those displaced resources, (3) the
administrat ive costs for transfer payment programs, (4) the welfare loss or
gain result ing from resource redistr ibut ion, and (5) the value of resources
permanently unemployed.

Generally, estimates of such costs are based upon the types of
distr ibut ional impacts described in the economic impact sect ion of this
report;  however, it is not always known to what extent displaced resources
will be unemployed or underemployed in the long run. When such
quant i f iab le  data are unavai lab le , such costs should be discussed
q u a l i t a t i v e l y .

The adjustment costs in this case study are assumed quantifiable and
are a result  of the displacement of capital ,  raw materials and employees.
The value of capital  investment (plant and equipment) displaced as a result
of regulation is measured as the cash flows the firms would have received
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had no regulations been invoked. I f  the cap i ta l  is  reemployed,  i ts
resultant cash f lows are subtracted from and the relocation costs added to
the baseline cash flows. If  the capital is permanently unemployed, the
scrap value of the plant is subtracted from the basel ine cash f lows. The
loss in the value of the resources represented as expenses ( i .e.,  raw
materials, wages, etc.) are measured as the reduction in cash flows that,
would have accrued to the sources providing the resources in the same
manner as displaced capital; however, there is no scrap value for
employees. In addition, the government costs to administer unemployment
assistance programs are a part of adjustment costs. 21/

The adjustment costs in each year are estimated as the value of lost
Productivi ty from each displaced resource. The resources displaced each
year by the regulat ion are defined in the economic impact section of this
case study. Est imat ing the var iab les  f rom which the va lues o f  the
displaced resources can be calculated requires a high level of detai l  and
several assumptions. To  s imp l i f y  t h i s  ana l ys i s , the present analysis shows
only the procedures fol lowed in est imating the adjustment costs of
displaced employees. Procedures followed to estimate the adjustment costs
fo r  d i sp laced  cap i t a l , raw material ,  and other resources are similar.

The adjustment costs associated with displaced employee costs can be
reflected by the fol lowing equations:

(33)

where:

'fAcEi  = total adjustment costs of displaced employees

FEi = foregone earnings of displaced employees in period i

RLi = relocation costs of displaced employees rehired in period i

21/ The maximum value of the capital and expense components of this
measure can be seen in Figure 6 as the area bounded by the change in
output ,  the basel ine supply  curve,  and the x-ax is .  Th is  area
represents the value of these resources in their current use and the
total adjustment costs for all temporary and permanent unemployment
costs (act of government and relocat ion costs).
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GAi = government administrative costs of unemployment programs in
period i

i = pe r i od ;  1 ,  2 ,  3 . . . . . 20.

"i = number of displaced employees

Ri = number of displaced employees reemployed in period i

Bi
= the productivi ty level of the best alternative employment

n = age; 16, 17, 18. . . . .65.

A(n) = proportion of employees of age n

Y(n) = mean annual earnings of employees of age n

Pn(n+i) = probabil i ty of a person in the general population of age n
 surviving to a subsequent age n+i.

v = the average annual rate of growth in the labor productivi ty

NRi = number of displaced employees rehired in period i

LCi = re locat ion costs  in  per iod i

wi .= government administrative costs of unemployment programs per
rec ip i en t  i n  pe r i od  i

The variable defines the foregone earnings in period i  of al l  displaced
employees. earnings are defined as the future earnings of
employees i f  they had remained in their original jobs minus the future
earnings of employees in their next best alternate job. defines the
number of displaced employees and defines the of displaced
employees finding reemployment in  a n d  t h e i r  r e l a t i v e  l e v e l  o f
product iv i ty  in  the i r  new job. Future earnings of one employee in a given
year  are a  funct ion of  the re la t ive age d is t r ibut ion of  a l l  employees
A(n); the average income at each age, Y(n) ;  and the probabi l i ty  that  the
employee wi l l  l i ve  to  that  year , The administrat ive costs of
welfare programs, are a of the employment level. The
re locat ion costs function of the number and costs of employees
relocated in each period.

Some of the exogenous variables were estimated in this analysis and others
were derived from other studies. The variables A(n) and
similar to those in Equation 27 of the benefi ts sect ion
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The values of these variables were derived from Hartunian, et al .  (1981).
Other variables were derived from the present study's costs and economic
impact analysis.

The estimated employment adjustment costs in each year are shown in
Table 42, along with the capital , other, and total  adjustment costs.

E. Economic Impacts

This  sect ion d iscusses the pr inc ipa l  d is t r ibut iona l  impacts ,  i .e . ,  equ i ty
vs .  e f f i c iency impacts , o f  the proposed water  po l lu t ion cont ro l  regu la t ion.
This economic analysis includes the following measures of economic effects:
f i nanc ia l ,  p r i ce ,  p roduc t i on ,  emp loymen t ,  i ndus t r y  p ro f i t ab i l i t y ,  and
community effects. Addit ional ly,.  when applicable, the Agency's guidel ines
inc lude concerns such as the ba lance of  t rade,  energy use,  product iv i ty  and    
intergenerat ional effects that should also be assessed.

Rather  than est imat ing the compl iance behav ior  o f  a l l  p lants ,  ind iv idua l ly
and  co l l ec t i ve l y , this analysis is based upon a representat ive or model
plant approach where four sizes of plants--extra-small ,  small ,  medium,
large--are used to depict the f inancial and economic prof i les of the
var ious p lants  wi th in  the indust ry . A single, major production process is
employed by al l  four sizes of plants. The model plant analysis estimates
the appl icab le  f inanc ia l  impacts  o f  the water  po l lu t ion cont ro l  regu la t ion
by examining plant revenue and cost measures both before and following
regulatory compliance. The result ing microeconomic effects are extended
where feasible to est imate industry-wide behavior, including those related
to price and production effects as described in Section D.

1. F inanc ia l  Ef fec ts

Four  key f inanc ia l  ind icators  re f lec t ing the economic v iab i l i ty  o f  f i rms
both wi th  and wi thout  po l lu t ion cont ro ls  are  the fo l lowing:

Af ter - tax  re turn  on sa les ,
Af ter - tax  re turn  on to ta l  assets ,
Annual cash flow, and
Net present value.

Analysts, using model plant f inancial prof i les and appropriate assumptions
fo r  i n f l a t i on ,  dep rec ia t i on , and reinvestment, can estimate these measures
for any designated period of analysis, e.g., 20 years. Such measures
should be obtained both for a basel ine case (without the regulat ion) and
for  each regu la tory  opt ion so that  the f inanc ia l  e f fec ts  o f  the proposed
regulatory control costs can be assessed. The d i f fe rences in  the f inanc ia l
measures between these two cases wi l l  indicate the key f inancial effects of
the regu la t ion.
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Tab le  42 . A d j u s t m e n t  c o s t s  o f  t h e  p r o p o s e d  w a t e r  p o l l u t i o n  c o n t r o l
r e g u l a t i o n  f o r  I n d u s t r y  Q  b y  y e a r  1 /

Year C a p i t a l  2 / Employment O t h e r  3 / T o t a l

- - - - - - - - - - - - - - - - - - - - - - - - - - ( $ 1 , 0 0 0 )- - - - - - - - - - - - - - - - - - - - - - - -

1 1982
2 1983
3 1984
4 1985
5 1986
6 1987
7 1988
8 1989
9 1990

10 1991
11 1992
12 1993
13 1994
14 1995
15 1996
16 1997
17 1998
18 1999
19 2000
20 2001

0
0

200
429
429
429
429
429
429
429
429
429
429
429
429
429
429
429
429
429

0
0

293
82
83
82
81
7 9
78
77

76
74
73
71
70
68
67
65
64
62

0
0

200
100

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

693
611
512
511
510
508
507
506
505
503
502
500
499
497
496
494
493
491

1 /  A l l  c o s t s  a r e  i n  c o n s t a n t  1 9 8 2  d o l l a r s .

2 /  I n c l u d e s  t h e  c a s h  f l o w  o f  p e r m a n e n t l y  c l o s e d  p l a n t s ,  r e l o c a t i o n  c o s t s
o f  t e m p o r a r i l y  c l o s e d  p l a n t s  a n d  r e d u c t i o n  i n  c a s h  f l o w s  o f  r e e m p l o y e d
p l a n t s .

3 /  I n c l u d e s  r a w  m a t e r i a l s  a n d  o t h e r  e x p e n s e s .
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Although year-to-year variat ion in the f inancial measures wil l  occur when
annual costs, revenues, re investments ,  and po l lu t ion cont ro l  expendi tures
are forecast, computing average measures over the period of analysis is
o f t en  su i t ab le  and  re f l ec t i ve  o f  t he  regu la t i on ' s  e f f ec t s .  Howeve r ,  t he
f inanc ia l  v iab i l i ty  o f  the model  p lants  a t  the end of  the per iod o f
ana lys is  should  be est imated to  re f lec t  the long- term ef fec ts  o f  regu la t ion
as opposed to the intermediate or short-term effects that may occur because
of uneven pol lut ion control costs or reinvestments.

Table  43 i l lus t ra tes the types of  f inanc ia l  data  that  are  f requent ly
developed to form an industry's model plants. Four model plant sizes are
shown for  th is  water  po l lu t ion cont ro l  case s tudy- -a l l  in  one indust ry , .
Industry Q. The f inancial prof i les are for the basel ine case ( in 1982
constant  do l la rs  and for  the base per iod,  i .e . ,  Year  0) . Each of the model
plants is economical ly viable in the indicated base period; for example,
the after-tax returns on sales are all positive, ranging from 5.5, to 6.4
percent. Other f inancial characterist ics shown in Table 43 include
revenues,  costs ,  gross earn ings,  pre- tax  incomes and cash f lows.  Each o f
these model's financial measures is also expressed as a percent of the
estimated annual revenue (sales) to faci l i tate comparing the various
f i n a n c i a l  p r o f i l e s .

Addit ional f inancial prof i le data and analyses are required to compute the
after-tax returns on total assets and the net present values of the model
p lants '  p ro jec ted operat ions. The types of f inancial data preferred are
the fo l lowing:

Total  assets = Fixed assets + current assets
Net working capital = Current assets - c u r r e n t  l i a b i l i t i e s
Tota l  invested cap i ta l = Fixed assets + net working capital .
Salvage value = Net working capital + fixed assets x a

salvage factor

Because these types of data change year-by-year for an operating plant, the
preferred analyt ical approach simulates the operation of each model plant
(a cash f low analysis) over the study's period of analysis. This. dynamic
simulat ion procedure can be conducted both for the without-regulat ion
(basel ine) case and the with-regulat ion case. Net present value analysis
may then be conducted to compare the two cases and assess the financial and
economic effects of the regulatory compliance costs.

Table 44 summarizes the investment and the annual operating and maintenance
costs of the proposed water pol lut ion controls for each of the four model
p l an t s . These data (used to estimate the aggregate or average plant costs
presented in Section D) were used here to est imate the f inancial effects
presented below based upon a simulated 20-year discounted cash flow
analys is . Fu r the rmore ,  a  p r i ce -e f f ec t s  sens i t i v i t y  ana l ys i s  i s  i l l u s t r a ted
(see Section E.2.), based upon either plus or minus 10) percent changes in
the models' pollution control investment and operating and maintenance
cos ts .
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Table 43. Financial profiles for representative plants in 
hypothetical Industry Q, baseline (Year 0) 

(1982 constant dollars) 

Item 
Ex-small Small Medium Large 

$1,000 % $1,000 % $1,000 % $1,000 % 

REVENUE (sales) 4,000 100.0 15,000 100.0 35,000 100.0 50,000 100.0 

COST 
Raw Material 
Labor 

1,960 
800 

Other 1/ 640 
TOTAL 3,400 

49.0 7,200 48.0 16,610 47.5 23,500 47.0 
20.0 2,925 19.5 6,650 19.0 9,400 18.8 
16.0 2,325 15.5 5,740 16.4 8,600 17.2 
85.0 12,450 83.0 29,000 82.9 41,500 83.0 

GROSS EARNINGS 600 15.0 2,550 17.0 6,000 17.1 8,500 17.0 

LESS 
Depreciation 110 2.8 380 2.5 875 2.5 1,300 2.6 
Interest 120 3.0 425 2.8 1,050 3.0 1,500 3.0 

PRE-TAX INCOME 370 9.3 1,745 11.6 4,075 11.6 5,700 11.4 

INCOME TAX 151 3.8 783 5.2 1,855 5.3 2,603 5.2 

AFTER-TAX INCOME 219 5.5 962 6.4 2,220 6.3 3,097 6.2 

CASH FLOW 329 8.2 1,342 8.9 3,095 8.8 4,397 8.8 

Other includes insurance, taxes (non-income), selling, administrative and other operating and maintenance 
costs. 



Tab le  44 . S u m m a r y  o f  m o d e l  p l a n t  p o l l u t i o n  c o n t r o l  c o s t s
f o r  I n d u s t r y  Q

Model
Number of

p l a n t s
P o l l u t i o n  c o n t r o l  c o s t s  1 /

Inves tment O&M

- - - - - - - - - - - - - ($1 ,000) - - - - - - - - - - -

Ex-sma l l 12 580 200

Small 20 1,200 375

M e d i u m   40

L a r g e 15

2 ,450

3 , 4 0 0

770

1,020

1 /  1 9 8 2  c o n s t a n t  d o l l a r s .
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a.  Return on sa les

The model plants' projected 20-year averages of returns on sales (ROS) with
and without the proposed pol lut ion controls are shown in Table 45. For
example, the extra-small model plant is projected to have an after-tax ROS
of 3.6 percent with pol lut ion controls compared to i ts 6.6 percent without
cont ro ls .  Tab le  45 a lso ind icates the resu l ts  for  the o ther  three model
p lants .

Since these ROS effects assume no price increases, all model plants will
show decreasing ROS results with pollution controls. Fol lowing prospective
industry-wide market adjustments, new  equ i l i b r i um p r i ces  w i l l  pa r t i a l l y  o r
fully offset these ROS effects (see Section D). However, these ROS
effects should be considered as worst-case estimates for each of the model
p lants .  (A separate  analys is --with a projected price pass through of 1.2
percent--shows that equilibrium ROS reductions are about .6 percent less
fo l lowing th is  pr ice  increase.  See Table  45. )

b. Return on total assets

With the increase in total  assets that accompanies the addit ion of
pol lut ion controls but no changes in revenues, the model plants'  returns on
total assets (ROTA) wi l l  decrease from their basel ine levels. These
resu l ts  are a lso i l lus t ra ted in  Table  45.  For  example,  Indust ry  Q's
Ex-small model plant has an estimated 10.2 percent ROTA with the proposed
regulation compared to a 19.3 percent in the baseline case. These
estimates are 20-year averages because the ROTA varies throughout the
pe r i od  o f  ana l ys i s . ' Such averages ref lect the general,  long-term f inancial
effects of the proposed regulat ion.

c . Annual cash flows

The model plants‘ annual cash f lows (after-tax income plus depreciat ion)
were al l  posit ive throughout the 20-year period of analysis both with and
without the proposed regulat ion. However, as i l lustrated in Table 45, the
20th year annual cash f lows are lower for the with-pol lut ion control case.
For example, the extra-small  model plant is forecast to have a cash f low of
$862,000 in Year 20 with the proposed regulation compared to its $1,268,000
wi thout  the regu la t ion. Similar est imates for each of the model plants are
inc luded in  the tab le .

d. Net present value

The net present values (NPV) shown in Table 45 for each of the model plants
are the sum of the present values of the annual cash flows over the period
of analysis plus the present value of the salvage value of the plant in the
20th year. The discount rate is equal to the est imated f i rm's cost of
c a p i t a l . Consequently, the NPV indicates the plant 's return to equity
ho lders  in  excess o f  (or  be low)  the f i rm 's  cost  o f  cap i ta l .

NPV's may be calculated for each year in the period of analysis, although
the 20th year NPV indicates whether the plant wi l l  maintain long-run
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Table 45. Selected model plant f inancial effects of the proposed pol lut ion
controls compared to basel ine condit ions for Industry Q,

20-year discounted cash f low analysis

F inanc ia l  e f f ec t Ex-small
Model Plant 

Small Medium Large

Return on sales (%) 1/
Baseline
With controls

Return on total assets (%) 1/
Baseline
With controls

Annual cash flow ($000) 2/
Basel ine
With controls

Net present value ($000) 3/
Baseline
With controls

6.6 7.6 7.6 7.5
3.6 6.1 6.3 6.2

19.3 22:5 22.5 22.8
10.2 17.4 18.1 1 8 . 5  

1,268 5,334
862 4,570

1,124 5,886 14,019 18,548
-228 3,334 8,781 11,586

12,490
10,923

17,680
15,599

Average annual values over the 20-year period of analysis. With a
1.2 % price increase (market adjustment), the ROS with pollution
controls are 4.2%, 6.7%, 6.8% and 6.8% for the extra small, small,
medium and large model plants, respectively. Hence, the ROS
reduct ions are expected to  be par t ia l ly  o f fset  fo l lowing market
equi l ibr ium adustments. The ROS differences with and without the 1.2%
adjustment are +.6%, +.6%, +.5% and +.6% for the extra small, small,
medium and large plants, respectively.

Annual values in the 20th year ( long-term effect).

D iscounted a t  the est imated a f ter - tax  cost  o f  cap i ta l  ra te  equal  to
11.0 percent.

Note: Results displayed represent a "worst case" assumption (that no costs
are passed through to prices); moreover, year-by-year results are
not  d isp layed.
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economic v iab i l i ty . The positive NPV's in Table 45, except for the
ex t ra - sma l l  p l an t  w i t h  po l l u t i on  con t ro l s , suggest that the small, medium
and large model plants wil l  remain economical ly viable with pol lut ion
controls even though the NPV's are substantially lower with the proposed
regu la t i on . In the extra-small  plant case, the negative NPV with pol lut ion
cont ro ls  suggests  that  such p lants  wi l l  be on ly  marg ina l ly  v iab le ,  earn ing
below the average cost of capital  rate. Unless price increases fol low,
plant closures might be expected (as discussed below).

2. Pr ice  Ef fec ts

Although additional industry-wide behavior and often macroeconomic analyses
are required to forecast actual market pr ice effects (see Section D), an
in i t i a l  i nd i ca to r  o f  t he  regu la t i on ' s  po ten t i a l  p r i ce  e f f ec t  i s  t he
requi red pr ice increase by a  f i rm to  mainta in  i ts  pro f i tab i l i ty  a t  the
p re -con t ro l  l eve l . Based upon discounted cash flow procedures to estimate
present values of pol lut ion control costs ( i .e.,  investment plus operat ing
costs less tax savings), the analysis employed the fol lowing formula to
estimate each model plant 's required price increase (RPI):

(34 )

where

PVC = present value of pol lut ion control costs

PVR = present value of gross revenue beginning in year that pollution
controls are imposed

t = average tax rate

As indicated, each model plant wi l l  probably have a dif ferent required
p r i ce  i nc rease  t o  ma in ta i n  i t s  base l i ne  p ro f i t ab i l i t y  l eve l .  The  f o l l ow ing
estimated required price increases are those for each of the study's model
p lants . As shown, also, ranges in the required price increases i l lustrate
the sens i t iv i ty  o f  th is  f inanc ia l  measure to  a l ternate  po l lu t ion cont ro l
c o s t s ,  i . e . , 210 percent from the original est imates.

Industry Q
Model Plant

Required price increase
wi th  regu la t ion (%)*

-10% PCC Target PCC +10% PCC

Ex-small 3.6 4.0 4.4
Small 1.9 2.1 2.3
Medium 1.7 1.9 2.0
Large 1.6 1.8 1.9

* Pol lut ion control costs ( investment and operat ing and
maintenance) were varied from their ini t ial  levels (target PCC)
by plus and minus 10 percent.
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These required price increases indicate that the smaller model plants wi l l
be impacted more adversely by the proposed regulation than the larger
plants. In a competi t ive market, each f irm may well  be unable to
adequately adjust prices independently, and as was predicted in the
prev ious Sect ion- -D. Social Costs--the adjusted market equi l ibr ium price
wi th  po l lu t ion cont ro ls  wi l l  increase by 1 .2  percent .

Such  a  p r i ce  i nc rease  w i l l  a t  l eas t  pa r t i a l l y  o f f se t  t he  f i nanc ia l  e f f ec t s
of  the proposed regu la t ion for  a l l  f i rms,  a l though for  the ext ra-smal l
model  p lants ,  in  par t icu lar , t h i s  p r i ce  i nc rease  w i l l  no t  r esu l t  i n  t he
maintenance of  the p lant 's  former  pro f i tab i l i ty  leve l . The net price
effect for each model plant is the dif ference between the former required
price increase required and the est imated industry- level price increase.

3 .  P roduc t i on  E f f ec t s

Because the production effects of a regulat ion are dynamic, total industry
production should be estimated annually for the period of analysis both
with and without the proposed regulat ion. The projected reduction in the
industry production of .96 percent associated with the expected market
price increase as forecast in Section D is an indicator of the production
ef fec t  that  w i l l  occur  annual ly  throughout  the per iod o f  ana lys is .
However, further analyses of industry trends and growth potentials both
with and without the proposed regulat ion are desirable for the analysis to
be ful ly responsive to studying the effects of regulatory compliance.

In a growing industry, short-term production curtai lments may be relat ively
quickly reversed through trend increases in aggregate demand and supply.
This condit ion may effect ively reduce any detr imental impacts of regulat ion
over t ime; however, despite industry-wide growth over t ime, plant closures
may occur (above the basel ine rate) in marginal plants. Often compensatory
increases in production from exist ing or new large plants wi l l  occur; in
such s i tuat ions,  aggregate indust ry  data  wi l l  not  adequate ly  re f lec t  the
equity-related effects of production changes.

The present hypothetical case study indicates that four of the extra-small
model plants wi l l  c lose fol lowing the imposit ion of the proposed
regulat ion--an indication that is based upon presumed addit ional f inancial
data on Industry Q's plants and upon variat ions in their f inancial
characterist ics. Given the average production per extra-small  model plant,
the total production effect from plant closures is equal to 960,000 units.
This amount represents .96 percent of the estimated aggregate production
decrease fol lowing the new market equi l ibr ium production and price levels.
The balance of the estimated industry-wide production decrease is expected
to be distributed among the remaining or new firms, although much
addi t iona l  p lant  data  would  be requ i red to  forecast  the d is t r ibut ion o f
these e f fec ts .

The above general statement of effects summarizes the production effects
analysis. The analyt ical procedure used to arr ive at the above conclusions
is explained below:
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known.  A l is t ing o f  these est imates for  th is  case s tudy is  the fo l lowing:

for  th is  water  po l lu t ion cont ro l  case s tudy, the affected Industry Q should
experience a market equi l ibr ium adjustment fol lowing the upward shif t  in
the indust ry 's  supply  funct ion f rom i ts  pre- regula t ion leve l  w i th  a  new
higher equi l ibr ium price and a lower equi l ibr ium quanti ty (for a given t ime
per iod) . As previously described in Section D, the measurement of these
effects requires that both supply and demand elast ici t ies (or funct ions) be

Supp ly  p r i ce  e las t i c i t y +.96 to  + .959  
Demand price elast ici ty - .43
Pr ice  e f fec t 41.2%
Quant i ty  e f fec t -0.96%

The aggregate product ion e f fec t  w i l l  be theoret ica l ly  d is t r ibuted among a l l
p lants  in  the indust ry ,  that  is ,  each p lant 's  new marg ina l  cost  o f
product ion wi l l  equal  the ad justed equi l ib r ium pr ice.  Because the smal ler  
plants'  marginal costs are expected to shif t  upward relat ively more than
those o f  the larger  p lants , the smal l  p lants  wi l l  genera l ly  incur
re la t ive ly  larger  product ion cutbacks than wi l l  the larger  p lants .

Plant closures are expected if one or more of the model plants are no
longer  v iab le  wi th  po l lu t ion cont ro ls -- including the adjusted market
equ i l i b r i um  p r i ce  e f f ec t s . This study est imated plant closures by
re-estimating the net present values (NPV) of each model plant using the
adjusted market prices and the average production effect. If the NPV is
negat ive or  on ly  marg ina l ly  pos i t ive, some fract ion of the representat ive
model  p lants  wi l l  l i ke ly  c lose. (Presumably actual plants represented by a
g iven model  wi l l  have prof i tab i l i ty  leve ls  d is t r ibuted normal ly  around the
est imated prof i tab i l i ty  leve l  o f  the model .  Hence,  for  example,  i f  the
extra-small model plant has a re-estimated NPV near zero, some actual
plants would have negative NPV's and would be predicted to close. Unless
actual data for each plant are known, such a qual i tat ive est imate of
probable  p lant  c losures is  requ i red. )

As summarized in Section E.1.d. of this study, the NPV of the extra-small
model plant was negative (-5228,000) with pol lut ion controls and with no
price increase. With the new equi l ibr ium price increase of 1.2 percent,
the NPV of the extra-small model plant was estimated at approximately zero.
Because some actual plants are expected to have NPV's both higher and lower
than this model plant est imate, i t  is probable that some plants with
remaining negative NPV's wi l l  c lose. Addi t ional  indust ry-  and
plant-specif ic data are needed to more expl ici t ly est imate which plants in
the  i ndus t r y  w i l l  c l ose . For this case study and as indicated previously,
four  (or  one- th i rd)  o f  the ext ra-smal l  p lants  are  pro jec ted to  c lose ra ther
than comply with the proposed regulat ion. The basel ine quanti ty of
production lost through that closure is 640,000 units, assuming that each
plant produced at the average model plant level.
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The consequences of these plant closures are discussed further below.
Other  p lants  in  the indust ry  wi l l  respond accord ing to  addi t iona l
ad justments  in  the indust ry-wide supply  funct ion.  Perhaps more cr i t ica l ly ,
job losses will occur and measurable community effects may follow.

4. Employment Effects

As explained in the air pol lut ion control case study, both favorable and
unfavorable employment effects general ly occur when pol lut ion control
regulations are imposed. Short-term construct ion employment wi l l  increase
fo r  t he  i ns ta l l i ng  o f  t he  po l l u t i on  con t ro l s .  I n  t h i s  case  s tudy ,  a  t o ta l
construct ion employment of 550 work years is forecast for Industry Q. In
addition, long-term.personnel are expected to be employed to operate and
maintain the pol lut ion control equipment. A total of 263 employees are
projected as required in Industry Q (1 employee in each viable extra-small
plant, three employees each in the small and medium plants, and five
employees in each large plant). Some additional and favorable secondary
employment effects may occur in pol lut ion control supplying industr ies
(equipment and supplies), although this case study presumes that such
seconda ry  e f f ec t s  w i l l  be  neg l i g i b l e ,  i . e . , equipment and supplies can be
supplied by exist ing suppliers without the need for expansions by these
indus t r i es .

Given the projected closure of four extra-small plants, some employment
decreases wi l l  occur  wi th in  the indust ry .  A to ta l  o f  160 jobs (40 per
extra-small  model plant) are forecast to be lost because of these plant
c losures. Addit ionally, were there to be any reduced industry production
fol lowing the market adjustments, the potent ia l  would  ex is t  for  lay-of fs
within exist ing plants corresponding to the relat ive decrease in each
p lan t ' s  ou tpu t . However ,  th is  e f fec t  is  es t imated as neg l ig ib le  for  the
case study. Secondary employment effects are also expected to be
negl ig ib le  because the change in  indust ry-wide product ion is  re la t ive ly
small . (Secondary effects in those communities where plants are projected
to close wil l  probably be consequential. These effects are described
fur ther  in  the next  sect ion. )

Net employment effects from the pol lut ion control regulat ion are posit ive.

5. Community Effects

Where it appears necessary to assess the community effects for an actual
regulatory impact analysis on an other than superf icial basis, knowledge of
the communit ies in which affected plants are located is required,
particularly a socioeconomic documentation of those communities where plant
c los ings are  pro jec ted. The model plant analysis of the present study
could  not  be u t i l i zed to  determine th is  type o f  e f fec t .  Th is  case s tudy 's
ext ra-smal l  p lant  c losures, for instance, may have from minor to major
community effects depending upon their location either in a large, urban
area or in a small , rural sett ing where the affected plant is a major
employer in the community. In the former case, dismissed employees may
read i l y  f i nd  a l t e rna t i ve  emp loymen t  w i t h  l im i t ed  t r ans i t i on  cos t s .  I n  t he
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l a t t e r  case , the opportunit ies for re-employment in similar jobs may be
qu i t e  l im i t ed : some employees may have to commute outside the local area
or leave the community, and some may not be re-employed for age, health, or
other reasons.

closings are specif ical ly known. A part ial  summary of this assumed
analys is  is  the fo l lowing:

This report assumes that a separate community effects analysis has been
performed and that those communities which will be affected by plant

Three communit ies are affected by the four plant closings.

One community is a large, urban community in Region 1. Within
two months fol lowing the plant closing, 90 percent of the forty
employees are expected to be comparably re-employed in the
community. About 5 percent of the employees are expected to 
retire early or be permanently unemployed (with an average 10
years of lost earnings per employee). The remaining 5 percent
are not expected to be re-employed for six months and then to
find jobs at a wage level below (75%) their former earnings.

One community is a medium-sized community (Community A in
Region 2) within commuting distance of other communit ies that
have jobs requ i r ing s imi lar  sk i l l s .  Wi th in  two months,  50
percent of the employees are expected to be re-employed in the
community, 45 percent are expected to commute to nearby
communities, and 5 percent wil l  ret ire early or be permanently
unemployed.

One community is a relatively small community (Community B in
Region 2) with two plant closings. The commuting t ime to other
communities is about one hour. No other plants in the community
require similar employee ski l ls for about 50 percent of the
workers. Approximately 40 percent of the combined plants'
employees are expected to be re-employed in the community within
four months. About 30 percent will be re-employed outside the
community within 4 months and commute. About 5 percent wi l l
retire early or be permanently unemployed. Finally, about 25
percent of the former employees will move to other communities to
find comparable employment opportunities within four months.

Est imates of the annual f inancial and social costs of these
community effects were included in the Social Costs section above
(Sect ion 0 .4) .

Secondary employment and community effects are consequential in
Community B. A local raw material  suppl ier to the affected
p lan t s  w i l l  c l ose , though its f ive employees wil l  probably be
t ransfer red by the suppl ier 's  parent  company.  A lso,  a  to ta l  o f

 twenty employees in service-related businesses are projected to
be laid-off because of reduced local demands for such services as
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c lean ing,  t ranspor ta t ion,  re ta i l  sa les ,  and food serv ices.
Within one year, 90 percent of these employees are expected to be
re-employed, although 30 percent will also leave the community.

6. Trade Effects

The international trade effects of the proposed regulat ion are assumed to
be negl ig ib le  for  th is  case s tudy. As descr ibed in  the a i r  po l lu t ion.
control case study, a comprehensive analysis of market supplies by source
is  c r i t i ca l  i f  a  s ign i f icant  share o f  the market  is  impor ted. A l s o ,  i f
foreign demands are substantial, t he  e f f ec t s  o f  po l l u t i on  con t ro l s  w i l l
include a balance of trade effect. In general, a supplemental market
supply-demand analysis by source is required to estimate the probable
balance of trade effects.

7. Other Effects

The proposed water pol lut ion controls for Industry Q are forecast to have 
no effect on the productivi ty of the model plants. The abatement
technology is an end-of-pipe treatment alternative that does not affect the
manufacturing process.

The proposed regulation will increase the energy requirements of the model
plants by an average of 5 percent; however, this increase when aggregated
fo r  t he  i ndus t r y , represents  less  than 0 .1  percent  o f  the to ta l  indust r ia l
energy use in the study regions.

The intergenerat ional effects of the proposed regulat ion stem from benefi ts
(reduced damages) of pol lut ion control as described in Section C. Without
the proposed regulat ion, certain carcinogenic health damages and ecosystem
disruptions caused by the carcinogenic Pol lutant Z wil l  continue and.
increase over time. These prospective effects are not considered
i r revers ib le ,  however .
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F. N e t  B e n e f i t s  T i m e s t r e a m s  a n d  S e n s i t i v i t y  A n a l y s i s

1. N e t  S o c i a l  B e n e f i t s

N e t  s o c i a l  b e n e f i t s  w e r e  e s t i m a t e d  f o r  e a c h  p e r i o d  ( y e a r )  o f  t h e  a n a l y s i s
a s  f o l l o w s :

NSBt =  TSBt  -  TSCt (35 )

where

NSBt =  N e t  S o c i a l  B e n e f i t s

TSBt =  T o t a l  S o c i a l  B e n e f i t s

TSCt =  T o t a l  S o c i a l  C o s t s

t = y e a r  t

T h e  t o t a l  s o c i a l  b e n e f i t s  o f  t h e  p r o p o s e d  r e g u l a t i o n  a r e  a s  d e t e r m i n e d  i n
S e c t i o n  C  o f  t h i s  c a s e  s t u d y ; t h e  t o t a l  s o c i a l  c o s t s  a r e  a s  d e t e r m i n e d  i n
Sect ion  D. A  s u m m a r y  o f  t h e s e  e s t i m a t e s  o f  b e n e f i t s  a n d  c o s t s  a n d  t h e
d e r i v e d  n e t  s o c i a l  b e n e f i t s  a r e  s h o w n  i n  T a b l e  4 9 .  T h e  N S B ' s  a r e  n e g a t i v e
i n  t h e  e a r l y  y e a r s  ( r e f l e c t i n g  h i g h  i n i t i a l  i n v e s t m e n t  c o s t s )  a n d  p o s i t i v e
i n  t h e  l a t t e r  y e a r s  o f  t h e  p e r i o d  o f  a n a l y s i s .

The  NSB's  p resen ted  in  Tab le  46  a re  und iscounted  va lues  in  1982  cons tan t
d o l l a r s .  A s  i s  c u s t o m a r y ,  t h e  N S B ' s  m a y  e a c h  b e  c o n v e r t e d  i n t o  a  p r e s e n t
v a l u e  b y  u s i n g  a  s p e c i f i e d
t w e n t y  y e a r s  t o  o b t a i n  a  s

" s o c i a l  d i s c o u n t  r a t e "  a n d  t h e n  s u m m e d  f o r  a l l
i n g l e  n e t  p r e s e n t  v a l u e  o f  t h e  s t r e a m  o f

d i s c o u n t e d  N S B ' s .  F o r  e x a m p l e , u s i n g  a  d i s c o u n t  r a t e  o f  1 0  p e r c e n t  a s
s p e c i f i e d  b y  O M B ,  t h e  p r e s e n t  v a l u e  o f  t h e  N e t  S o c i a l  B e n e f i t s  f o r  t h e
p r o p o s e d  w a t e r  p o l l u t i o n  c o n t r o l  r e g u l a t i o n  i s  $ 8 8 . 6  m i l l i o n .

B e c a u s e  t h i s  N S B  p r e s e n t  v a l u e  i s  p o s i t i v e ,  t h e  p r o p o s e d  r e g u l a t i o n ' s
b e n e f i t s  e x c e e d  i t s  c o s t s  ( i n c l u d i n g  s o c i e t y ' s  t i m e - v a l u e  o f  b e n e f i t s  a n d
c o s t s ) .  P r o v i d e d  t h a t  s i m i l a r  r e s u l t s  a r e  o b t a i n e d  f o r  v a r i o u s  r e g u l a t o r y
a l t e r n a t i v e s ,  t h e  a l t e r n a t i v e  t h a t  w i l l  p r o v i d e  t h e  g r e a t e s t  N S B  p r e s e n t
va lue  can  be  de te rmined .

T h e  N S B  a n a l y s i s  s u m m a r i z e s  a l l  o f  t h e  q u a n t i f i a b l e  a n d  m o n e t i z a b l e
b e n e f i t s  a n d  c o s t s  o f  t h e  p r o p o s e d  r e g u l a t i o n .  H o w e v e r ,  a n  a d d i t i o n a l
q u a l i t a t i v e  a s s e s s m e n t  s h o u l d  b e  c o n d u c t e d  t o  a s s e s s  b e n e f i t s  o r  c o s t s  t h a t
a r e  n o t  " v a l u e d "  i n  t h e  p r e c e d i n g  a n a l y s e s . For example, t h i s  s t u d y ' s
h u m a n  h e a l t h  b e n e f i t s  a n a l y s i s  ( S e c t i o n  C )  i n c l u d e s  a n  e s t i m a t e d  1 3  d e a t h s
a v o i d e d  b e c a u s e  o f  t h e  p r o p o s e d  r e g u l a t i o n . T h i s  i s  a n  a d d i t i o n a l  b e n e f i t
o f  t h e  p r o p o s e d  r e g u l a t i o n . ( W e r e  q u a n t i f i a b l e  c o s t s  t o  e x c e e d
q u a n t i f i a b l e  b e n e f i t s , the  excess  cos t  per  death  avo ided wou ld  be
c a l c u l a t e d  a n d  p r e s e n t e d . )  O t h e r  q u a l i t a t i v e  e f f e c t s  o f  t h e  p r o p o s e d
regu la t ion  were  summar ized  in  Sec t ion  A .
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Table 46. Undiscounted to ta l  soc ia l  benef i ts ,  to ta l  soc ia l  costs  and net  soc ia l  benef i ts  fo r
the proposed Industry Q water pol lut ion control regulation by year

Year
Tota l  soc ia l  benef i ts  1 / Tota l  soc ia l  cos ts  2 /

Estimate Range Estimate Range
Net  soc ia l  benef i ts  3 /

Estimate           Range

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - millions  of dollars- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1982 26.2 18.5- 32.1 80.9 73.3- 88.6 (54.7) (54.8) - (56.5)
2 1983 51.5 37.1- 65.3 96.9 87.8-106.1 (45.4) (50.7) - (40.8)
3 1984 77.7 56.9- 98.8 113.8 102.9-124.6
4 1985 78.6 57.4- 99.9 56.3 51.0- 61.6

(36.1) (46.0) - (25.8)
 22.3  6 .4  -  38 .3

5 1986 79.4 58.1-101.0 56.2 50.9- 60.5 23:2 7:2 - 40:5

6 1987 81.7 59.6-103.7 56.2 50.9- 60.5 25.5 3.7 - 43.2
7 1988 92.3 67.7-117.2 56.1 50.8- 61.4 36.2 16.9 - 55.8
8 1989 93.5 68.5-118.4 56.1 50.8- 61.4 37.4 17.7 - 57.0
9 1990 94.4 69.3-114.6 56.0 50.7- 61.3 38.4 13.6 - 53.3

10 1991 95.4 70.2-120.9 58.0 52.5- 63.5 39.4 17.7 - 57.4

11 1992 96.4 70.8-122.3 60.1 54.2- 65.8 36.1 16.6 - 56.5
12 1993 97.7 71.5-123.6 61.9 56.0- 67.8 35.8 15.5 - 55.8
13 1994 98.6 72.4-124.8 61.9 56.0- 67.8 36.7 16.4 - 57.0
14 1995 99.8 73.4-126.2 61.8 55.9- 67.7 38.0 17.5 - 58.5
15 1996 100.6 74.0-127.8 61.8 55.9- 67.7 38.8 18.1 - 60.1

16 1997 101.9 74.9-128.8 61.9 56.0- 67.7 40.0 18.9 - 61.1
17 1998 103 .o 75.7-130.3 61.8 56.0- 67.7 41.2 19.7 - 62.6
18 1999 104.0 76.5-131.5 61.8 56.0- 67.7 42.4 20.5 - 63.8
19 2000 105.3 77.2-133.0 61.7 55.9- 67.6 43.6 21.3 - 65.4
20 2001 106.5 78.3-134.8 61.7 55.8- 67.6 44.8 22.5 - 67.2

Expressed in 1982 dol lars (using a forecast of the GNP Implici t  Price Deflator).
In 1982 do l l a r s .
Tota l  soc ia l  benef i ts  minus to ta l  soc ia l  cos ts .
Numbers in parenthesis are negative.



2. Sens i t i v i t y  Ana l ys i s

The present values of the benefits and costs timestreams may vary markedly
based upon dif fer ing social discount rates. A summary of the present
va lues o f  the to ta l  soc ia l  benef i ts ,  to ta l  soc ia l  cos ts ,  and the net  soc ia l
benef i ts  for  the proposed water  po l lu t ion cont ro l  regu la t ion is  the
fo l l ow ing :

Present Value*
6% 8% 10% 12%

- - - - - - - - - - - - -millions of dollars - - - - - - - - - - -

Soc ia l  Benef i ts 958.7 802.2 679.8 583.1

Social Costs 775.6 672.8 591.2 525.5

Net Social Benefi ts 1 8 3 . 1 129.4 88.6 5 7 . 5

* The benefits and costs timestreams were expressed in 1982 constant
do l lars  before d iscount ing.

This sensit iv i ty analysis i l lustrates that the NSB present value decreases
as the discount rate increases, and i t  would change from being posit ive to
negative at about a 17 percent social discount rate. At the OMB proposed
rate of 10 percent, the present value of the NSB timestream is $88.6
m i l l i o n . A second type o f  sens i t iv i ty  ana lys is  ind icates the e f fec ts  o f
va r i a t i ons  i n  e i t he r  t he  t o ta l  soc i a l  bene f i t s  o r  t he  t o ta l  soc i a l  cos t s .
Benefits ranges were previously estimated in Section C, and costs ranges
were estimated in Section D. Such ranges ref lect the uncertaint ies in
avai lable data and in implementable analyt ic procedures that are present
th roughou t  t h i s  t ype  o f  ana l ys i s Table 46 includes a summary of the
ranges in  to ta l  soc ia l  benef i ts , to ta l  soc ia l  cos ts ,  and net  soc ia l
benef i ts  for  the proposed water  po l lu t ion cont ro l  regu la t ion.

Many combinations of benefi ts and costs values are potential ly appl icable.
Table 47 summarizes two such sets of benefits and costs conditions:

1. Maintain Total Social Benefi ts at the primary-est imate level
whi le varying the Total Social costs from their low to high
levels. (Discount rate equal to 10 percent.)

2. Maintain Total Social Costs at the primary-est imate level whi le
vary ing Tota l  Soc ia l  Benef i ts  f rom the i r  low to  h igh leve ls .
(Discount rate equal to 10 percent.)

For example, when the high TSC values are assessed in combination with the
TSB primary (target) est imates, the present value of the NSB timestream is
$32.6 million versus $88.6 million when both the TSC and TSB timestreams
a re  a t  t he i r  t a rge t  l eve l s . Table 47 i l lustrates the other defined cases
in the two sets.
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Table 47. Present values of net social benefi ts for selected
ranges in  to ta l  soc ia l  costs  and to ta l  soc ia l  benef i ts

for  the proposed water  po l lu t ion cont ro l  regu la t ion

Sens i t i v i t y  cond i t i ons
Net  soc ia l  benef i ts

present value 1/

( $  m i l l i o n )

Social Benefi ts-Constant 2/

Social Costs - High
Social Costs - Moderate
Social Costs - Low

Social  costs - Constant 2/

32.6
88.6

104.4

Social Benefi ts - High 267.7
Social Benefi ts - Moderate 88.6
Social Benefi ts - Low -96.9

All  present values of net social benefi ts were calculated using a 10
percent discount rate.

Soc ia l  benef i ts  (and soc ia l  costs)  are  he ld  constant  a t  the pr imary
est imate (moderate)  leve l  wh i le  soc ia l  costs  (soc ia l  benef i ts )  range
from high to low as defined in Table 46.
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The cases in Table 47 do not include either the "best" (high benefi ts and
low costs) or the "worst" ( low benefi ts and high costs) cases ref lected in
the TSC and TSB ranges previously described. The present values of the NSB
timestreams (10 percent discount rate) for these two extreme cases are the
fo l l ow ing :

Case
Present
value

( $ m i l l i o n )
Comment

"Best" 283.5 

"Worst" -152.9

High benefi ts;  low costs

Low benefi ts;  high costs

Al l  other benefi t-cost combinations within the ranges est imated wi l l  have
present values between these extremes using the 10 percent social discount
ra te .
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G. Cost-Effect iveness

A summary description of the purpose and procedures for conducting
cost -e f fec t iveness (C/E)  ana lys is  is  presented in  Sect ion I I -G of  the a i r
pol lut ion control case study. As explained there, C/E analysis may be used
to determine those regulatory options that are least-cost (and that form
the least-cost envelope curve as was shown in Figure 4) among all
al ternat ives assessed. The prefer red regula tory  a l ternat ive wi l l  be in  the
least -cost  set ,  and fur ther  deta i led cost -benef i t  ana lys is  need on ly  be
performed for this subset to est imate the social ly opt imum level of
po l l u t i on  con t ro l .

Because only hypothetical data and relat ionships are being presented in
t h i s  r e p o r t , t he  C /E  ana l ys i s  p resen ted  i n  t he  a i r  po l l u t i on  con t ro l  case
study is  s imi lar ly  appl icab le  to  the water  po l lu t ion cont ro l  case s tudy.
The reader is referred to Section II-G for an explanation of C/E analysis 
procedures.

In  actua l  app l icat ions o f  C/E analys is , however, analysts seldom are able
to  def ine an in i t ia l  set  o f  regu la tory  opt ions which wi l l  p roduce a
"smooth" least-cost envelope curve as was previously depicted in Figure 4.
Actual C/E analyses wil l  examine various regulatory alternatives in order
to determine their comparable values. Figure 7 shows the ten regulatory
a l t e rna t i ves ,  A  t o  J ,  t ha t  we re  i n i t i a l l y  de f i ned  f o r  t h i s  wa te r  po l l u t i on
control  case. Estimates of each alternative's annual ized costs and
effectiveness level (abatement of water Pollutants X, Y and Z) produce the
poin ts  dep ic ted in  F igure 7  and i l lus t ra te  that  s ix  o f  the ten a l ternat ives
are "dominant" and only four alternatives can be said to be " inferior"
( i .e . ,  a l ternat ives A,  C,  F  and H) .  Fur ther ,  the l ine segments  connect ing
the adjoining dominant alternatives (the least-cost set) produce an
irregular envelope curve. Although a theoretical ly-defined marginal
cost-effectiveness (MCE) curve might be superimposed (see the dotted-line
in Figure 7), analysts may not categorical ly exclude dominant alternatives
whose C/E values are not tangent to (or near) the theoretical MCE curve.

Using C/E analysis only, regulatory alternatives A, C, F and H can be shown
to be inferior to one or more of the remaining alternatives, e.g.,
Alternative C is dominated by Alternatives D, E and G in Figure 7. These
in fer ior  a l ternat ives need not  be assessed fur ther ,  i .e . ,  rece ive fu l l
benef i t -cost  ana lyses.

Provided that a thorough C/E analysis is performed and that benefit cost
analyses are made for each least-cost alternative, the choice among the
least-cost set of al ternatives (B, D, E, G, I ,  and J) can be made on the
basis of each alternative's maximum contr ibut ion to net social benefi ts,
i.e., NSB = TSB - TSC.

Presuming that benefit cost analyses were completed (as for the regulatory
alternative described in the preceding sect ions), the fol lowing comparison,
could be made:
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Figure 7. Cost-effect iveness of the proposed
water  po l lu t ion cont ro l  regu la t ion
(Alternative G) compared to other

se lec ted a l ternat ives

POLLUTANTS ABATED
(Tons Removed, Polltants X,Y,Z)

1 5 9



A l te rna t i ve
Present Value ($mil l ion)

TSB TSC NSB

G */ 679.8 591.2 8 8 . 6

B 610.0 549.5 60.5

D 639.2 580.2 59.0

E 646.0 591.0 55.0

I 683.0 657.5 25.5

J 708.8 721.0 -12.2

* /  A l t e rna t i ve  G  i s  t he  p roposed  regu la to ry  a l t e rna t i ve .  

These data show that regulatory Alternative G wil l  contr ibute $88.6 mil l ion
t o  N S B  a n d  t h a t  a l l  o t h e r  a l t e r n a t i v e s  w i l l  c o n t r i b u t e  l e s s .  T h i s  i s  t r u e
even though Alternatives I and J are estimated to provide a greater amount
of  po l lu tant  abatement  (e f fec t iveness) .  Because the regu la tory
alternatives assessed are l imited and discrete, one could not know whether
an unspecif ied alternative with either more or less effect iveness than
Alternative G would yield an even greater NSB than would Alternative G.

In summary, C/E analysis is a r igorous analyt ical technique to reduce
ef fec t ive ly  the number  o f  a l ternat ives requ i r ing fur ther  benef i t  cost
analys is . The fundamental procedures for conducting a C/E analysis were
presented in  the prev ious a i r  po l lu t ion cont ro l  case s tudy (Sect ion I I -G)
and they are not repeated here, The emphasis of the present water
pol lut ion control case's C/E analysis was to suggest that,  even though C/E
analys is  is  appl icab le ,  i ts  use may not  produce theoret ica l ly  "un i form"
emp i r i ca l  r esu l t s . In general, ca re fu l l y  de f i n i ng  t he  o r i g i na l  se t  o f
regu la tory  a l ternat ives is  impor tant  in  obta in ing an accurate ,
representa t ive  least -cost  subset  o f  a l te rnat ives for  fu r ther  cost  benef i t
analys is .
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